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Disclaimer

This information was prepared as an account of work sponsored by an agency of the U.S. Government. Neither the U.S.
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any
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commercia product, process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily
condtitute or imply its endorsement, recommendation, or favoring by the U.S. Government or any agency thereof. The
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agency thereof.
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Introduction

The Database of Geothermal Resourcesin China
contains information on 254 specific geothermd sitesin
the People’ s Republic of Chinaand 8 Stesin Tawan:

Country Sites | Potentia | Potential
I MWt
MWe

People' s Republic

. 254 | 1588.18 573
of China
Tawan 8 130 N/A *
Totals 262 | 1718.18 573

* N/A - Not available

Actud figures are higher as specific potentid dataiis not
avalablefor dl Stes.

The Database focuses on mainland China and Taiwan.
Hong Kong and Macau, which reverted to Chinese
sovereignty on July 1, 1997 and December 20, 1999
respectively, have no cited geothermd resources. It was
compiled usng data collected in an extensve
information sweep which accessed technicd literature

dating back to 1979 as well as numerous other U.S.
Chinese, and Taiwanese sources.

China has 3,000 hot springs. This paper report focuses
on 46 stesin Chinawhich have a measured or
geothermometric temperature of 150°C of more, and thus
may be suitable for power generation; sites where power
plants have been indtdled across Ching; and dl 8 Stesin
Tawan. For immediate dissemination to the indudtry, it
has been converted to a PDF file! The Microsoft®
Access 2000 Database itself contains data on al 262
low-, medium-, and high-enthal py Stes on which
information was collected.

The Database includes:
. Power Profile - badgc information on China and

Tawan, e.g., population, ingalled capacity, power
generation breakdown, electricity prices, etc.;

! PDF files can be read and printed using the free
Adobe® Acrobat® Reader which can be
downloaded at http://www.adobe.com/prodindex/

acrobat/readstep.html).
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. Power Summary - brief description of China s and
Tawan's power sectors and privatization efforts,

. Government / L egidation - relevant Chinese and
Tawanese government agencies and laws; and

. Geothermal Sites/ Projects - includes a Site
Summary for each:
1. Name
2. Location
3. Status
4, Temperature
5. Installed Capacity (MWe/MWi)
6. Potentia (MWe/MW)
7. Chronology
8. Notes
Dynamic Database

The Database was designed to be dynamic. Created
using Microsoft® Access 2000, it can be easily updated
or modified to include specific data which the industry
would find most useful. In addition, the Database can be
made more comprehensive by adding pertinent data, e.g.,
local population and market data, location of
transmission lines and roads, etc., using the Geographic
Information System (GIS) to the present structure.
Findly, the Database could be adapted for posting on the
World Wide Web and searched using avariety of
variables such as country, desired temperature of

resource, estimated power potentia, and other
parameters.

The Database of Geothermal Resour cesin China was
compiled and built by Liz Battocletti and Zheng Li of

Bob Lawrence & Associates, Inc. for Bechtel BWXT
Idaho, L.L.C. (BBWI) under Purchase Order Number
F99-181039, “Callection and Assembly of Published
Daaon Geothermd Potentid.”

Specid appreciation goes to Jod Renner of 1daho
Nationa Engineering and Environmental Laboratory
(INEEL); Allan Jdacic and Marshall Reed of the U.S.
Department of Energy’ s Office of Geotherma and Wind
Technologies, and the other individuds, companies, and
organi zations who provided assstance and information.

The photograph on the cover is ageothermd areaiin
Tengchong County, Yunnan Province. The photo is
reproduced from a study, Geothermal Area in Tengchong
Yunnan Province, published by the Y unnan Provincid
Science and Technology Commission in February 1996.
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Power Prdfile

Population (millions) - July 1999 estimated 1,246.87
Overall Electrification (% of population) 94.8%
GDP (billion US$) - 1998 estimated $4,420
Real GDP Growth Rate - 1998 estimated 7.8%
Inflation Rate (CPI) - 1998 -0.8%
Tota Installed Capacity (MWe) - 1998 300,000
Electricity Consumption per Capita (kWh) - 1997 846.29
Energy Demand Growth Rate 4.5%
Prices (US¢/kWh) - 1999 - Beijing

Residential 3.7

Commercial 6.2

Industrial 4.1

Chinaisdivided into 23 provinces (China considers
Taiwan the 239), five autonomous regions, and three
municipdities.

Power SUummary

With 1.25 hillion people, the People' s Republic of China
is the world's most populous country and second largest
energy consumer (after the United States). If past trends
continue, Chind s economy will become the largest in the
world in this century.

Despite asharp decline in 1998 partly as aresult of the
Agan financid crigs, energy demand has doubled since
1980 and could triple in the next 20 years (U.S.
Department of Commerce, 2000). Y et approximately 65
million Chinese do not have access to eectricity?, and
one-third of householdsin China are not yet connected

to eectricity grids (Blackman and Wu, 1997). Per capita
eectricity consumption islow. The country has aglut of
electricity in the coastd aress, but transmisson sysems

2 Remarks by Dongrong Y e, Beijing Jike Energy
New Technology Development Co. at the U.S.-
China Renewable Energy Forum; April 20, 2000;
Arlington, VA.
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and development in the interior, particularly in the
western part of the country, require continued
invesment.

The power sector is undertaking large-scale technical
renovations designed to control pollution, increase
financia returns, and guarantee safe operations.
Generaing units which are 25 years old and up are being
renovated. The goas are to improve the capacity of the
units to meet peak power demands, improve security,
reduce energy consumption, and protect the
environmen.

Currently, China s dectric power industry is
experiencing an oversupply problem, duein part to
dower Chinese economic growth as aresult of the Adan
economic crisis.

Asof theend of 1998, China had an ingalled capacity of
gpproximately 300 GWe of which 75% was therma, 23%
hydrodlectric, less than 2% nuclear, and the balance
renewable and other. Chinais expected to doubleits
installed capacity to 600 GWe by 2015, adding an
estimated 300 GWe of generating capacity over the next
15 years. China s ambitious energy program will require
$200-300 hillion in capita investment. Much of the
technical expertise and capitd are expected to come

from foreign sources.

China faces numerous chalengesin meeting its energy
needs:

. relatively high energy intensity;

. extreme ar pollution (five of the world's
10 mogt polluted cities are in China);
. aresource base far from consumption

centers resulting in the need to expand the
pipeine and digtribution network;

. large and inefficient state-owned
enterprises (SOES) which ill dominate the
energy sector;

. 60-80 million people in rurd aress with no

access to dectricity;

. rigng oil imports,

. an ingfficient and rdatively unconnected
electric grid resulting in generation losses
of 20%; and

. the need to mohilize investment estimated
a US$1 trillion from now until 2020 for
energy expanson, of which 20% will come
from foreign investment (U.S. Department
of Commerce, 2000).

Chind s energy strategy is designed to address these
chalenges by decreasing reliance on cod, increasing
petroleum exploration and devel opment, enhancing
efficiency and environmenta protection, increasing
development of hydro and nuclear power, and
developing rurd eectrification and renewable energy
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resources. This energy srategy is being implemented
againg a backdrop of the mgjor restructuring of
government and state entities, a process which was
launched in March 1998 and is il evolving (U.S.
Department of Commerce, 2000).

Chinaistheworld'slargest producer and consumer of
cod which is presently the country’ s predominant source
of energy, accounting for 75% of the energy for power
generation. Cod will remain critica to China s energy
mix for the next 50 years, Environmenta impacts from
the use of coa with current Chinese technology are
severe. If China s economy continues to grow at the rate
it has since 1980— approximately 10% per year — it
will pass the United States to become the leading source
of CO, emissions by 2050.

The Chinese Government has recognized the problem of
environmental impacts resulting from energy
development, and has developed a strategy for future
sustainable development, involving the widespread use
of Clean Cod Technologies and increased development
of ail, natura gas, and coa bed methane resources.

Natura gas s share of total energy production is

expected to grow to about 4.1% by 2015, as China begins
to take greater advantage of its large domestic reserves
(China has an etimated 26 trillion cubic meters of

natural gas resources).

Although China s exploitable hydro reserves, estimated
at 380 GWe, are considered the world’ s largest, they are
presently too expensive to develop. By one estimate,
only 10% have been developed (Tunnah 1994; Dorian,
1995). The bulk of China's hydro reserves are located in
the western and southern regions (Blackman and Wu,
1997).

The Three Gorges project on the Y angtze River involves
congiruction of the world' slargest dam, with 26
hydropower generating units (700 MWe each) dated to
provide atota of 18 GWe generating capacity by 2009.
China currently has more than 50,000 small hydropower
stations scattered across the country.

Asfor wind power, China has identified stes with atotal
potentia of 3,000-8,000 MWe. Over 200,000 mini and
smadl wind generators have been ingtaled in households
in mountain areas, remote rural aress, and idands.
Current financid returns on wind farm development are
too low to attract large-scae utility or independent
power producer (1PP) investment (Taylor and Bogach,
1998).

High-temperature geotherma resources are primarily
located in Tibet, western Y unnan, and western Sichuan
provinces — remote areas where conventiond energy is
limited, and the population islow. Small geothermd
plants have played and will continue to play an
important role in those areas (Ren et d., 1995).
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Edtimates of power generation potentia range from 200-
500 MWe (Allis et d., 1996) to over 10,000 MWe
(Zhijie, 1997).

With support from the World Bank, the United Nations
Development Programme (UNDP), and foreign
governments, Chinais promoting the widespread
commercidization of renewable energy technologies,
primarily wind and solar.

UNDP and the Globd Environment Fecility (GEF) have
launched the “ Capacity Building for the Rapid
Commercidization of Renewable Energy” program. In
addition to helping create the Chinese Renewable Energy
Industries Association (CREIA), the program will aso
activities in business development and financing,
standards and certifications, renewable resource
database and GI S devel opment, technical assistance for
wind power development, and study tours. The $26.7-
million program focuses on biogas, wind, photovoltaics
(PV), and bagasse co-generation.

The $444-million World Bank Renewable Energy
Development Project supports the development of the
two most promising renewable energy technologies,
grid-connected windfarms and solar PV for rurd
goplications.  Specificdly, the project will provide 10
MWp of PV systems to households and indtitutions in
remote areas of Sx northwestern provinces, and 190

MWe of grid-connected windfarmsin Inner Mongolia,
Hebe, Fujian, and Shanghal provinces.

The U.S. Export-Import Bank (EXIM) supports the
export of U.S. goods and services for projectsinvolving
renewable energy and energy efficient technologiesto
China through the $100-million Clean Energy Program
facility. Projectsdigible for incluson are: wind, solar,
and geothermd technologies, industria co-generation:
energy efficient buildings, and low NOx and SOx
burners. Financing is available for commercid projects
with competitive financing rates. The State Planning
Commission must gpprove the project; the China
Development Bank isthe borrower.

The Overseas Private Investment Corporation (OPIC)
suspended its programsin China following the
Tiananmen incident in June 1989, and will remain
suspended in China subject to U.S. foreign policy
concerns, the terms of the sanctions legidation enacted,
and improvements in worker rights conditions.

Government / Legidation

Nicknamed the “Power Tiger” becauseit could act as it
pleased, despite customer complaints, China's power
sector has been, and continuesto be, under State control.
Although Chind s energy sector is currently being
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“corporatized,” the Chinese Communist Party (CCP) till
dominates the entire political apparatus, and its leaders
make adl mgor policy decisons.

Party members hold most senior government positions at
al levels of adminigration. Minigtries and lower-level
counterparts implement policy on a day-to-day basis,
and Chind s parliament, the Nationa People’ s Congress
(NPC), reviews and approves legidation and nominees
for government offices.

Many provincid governments — especidly thosein
fast-growing coastal regions— actively adapt central
government policy decisonsto suit loca needs. Senior
leaders generdly agree on the need for further economic
reform, but ability is till a paramount concern, and
there remain differences within the leadership over the
content, pace, and goals of reform.

Beginning in the mid-1980s, the Chinese government
implemented a number of structurd and pricing reforms
in the power sector, hating its practice of giving direct
investment “grants’ to power projectsin favor of
granting loans through banks and other financid

3 Government officials are reluctant to use the
word “privatize’ given the critical role the State is
supposed to play in al industria activities; the
term “corporatize”’ is more readily acknowledged
(Dorian, 1998).

inditutions. Replacing the practice of exclusve centra
government funding led to expanded domestic (loca
government, industrid sector, and enterprise) and
foreign funding of power projects. The government
furthermore allowed projects to price eectric power to
reflect the cogt of financing. The government took
further stepsin 1997 to reform dectricity pricing (Wang,
1999).

Generation is being separated from transmission and
distribution, and proposed new generation is expected to
yield an adequate return on investment (Hood and Swest,
1999). The operation of power plants and distribution
will be separated by 2010.

Centrd government agencies that are involved in
developing and implementing Chind s energy and
renewable energy are;

. State Power Corporation of China (SPC or
SPCC)

. State Development Planning Commission
(SDPC)

. State Economic and Trade Commission
(SETC)

. Ministry of Science and Technology
(MOST)

. Ministry of Geology and Minerd
Resources (MGMR)

. Minigry of Agriculture (MOA)
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Coordination between these groupsisgood. Not as
effective is the coordination among the wide variety of
research indtitutions and government agencies a the
provincid and locd leves.

State Power Corporation of China (SPC or SPCC)

SPC was established as a corporation solely owned by
the State Council in 1995-96 to handle the business
functions formerly Stuated in the Ministry of Power
Industry (Mopi). Modeed after France' s Electricité de
France and the State Corporation of Itay, the semi-
autonomous SPC supervises electricity generation,
tranamission, and digtribution. SPC dso solicits foreign
investment and engages in internationa cooperation.

SPC isrespongble for long-term planning, including
five-year plans, development of new capitd projects, and
project financing and approva. It must approve and
finance, in generd, any large project involving more

than $10 million worth of investment (Dorian, 1998).

SPC' s primary functions are to invest in, build, and
operate power projects; serve as monopoly operator of
Chind s power transmission and ditribution system until
a least 2010; and implement the “unified dispatching of
power grids” SPCisin effect a giant power-producing
utility, comparable in scope and even technica
sophistication to Electricité de France or Hydro Québec

(Sweet and Bretz, 1999). SPC operates and manages 140
GWe of ingtaled capacity (Dorian, 1998).

The creetion of SPC was the firgt step in China s “ Four-
Step Strategy for Power Industry Management
Restructuring”#:

. Phase | (1997-1998) — Structura
separaion of business and governmental
functions. Creation of SPC. Elimination of
the Minigry of Electric Power.

. Phase |1 (1998-2000) — SPC establishes
new nationwide infrastructure. Continued
separation of business and government
functions.

. Phase |11 (2001-2010) — Unification of the
nationwide grid. Moving to single buyer
modeP® (producers compete on price to sall

4 The reformed structure discussed is the intended
structure. Both governmental and business
functions largely till remain with the old
Ministry of Electric Power personnel, who are
now mostly part of the new SPC (Wang, 1999).

5 In the “single-buyer,” generation competition
stage, SPC, which produces more than one-third
of China stotal power output, will bein
competition with IPPs. In times of surplus, SPC as
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to the grid). SPC manages the grid.
Generation component to be unbundled
from transmission and distribution
(“networks shal be separated from power
plants, [and an] orderly competed (sic)
power market shal open to al power
plants’) (Wang, 1999).

. Phase |V (2010-2020) — Achievement of
market system “gpproximate to
internationd advanced leve.” Grid
management transferred from SPC to
government Sde.

State Development Planning Commission (SDPC)

SDPC, formerly known as the State Planning
Commission, formulates the National Economic
Development Plan, the Five-Y ear Plan, and the Nationa
Long-Term Program. SDPC also approves al project
investments. The Department of Basic Industries under
SDPC is responsible for energy and eectric power
devel opment srategy, medium and long-term planning,
and overdl planning for large energy projects.

grid operator, could favor electricity

produced by its own facilities even if it is

not the lowest cost provider (Wang,
1999).

The Foreign Capita Utilization Department gpproves
joint ventures and foreign-funded projectsin China, and
alows the converson of Chinese currency into hard

currency.

The Department of Product Pricing Management
approves dectricity prices. The Department of Price
Supervision is respongble for enforcement of gpproved
prices.

According to asenior SDPC officid, Chinaiis paying
close attention to geotherma energy resources and plans
to build medium-sized geotherma power plantsin the
southwestern part of the country. The power plants will
be built in Tibet and western parts of Y unnan and
Sichuan provinces by 2020. Priority will be given to
geotherma resources in Y angbgjian which have
reservoir temperatures of over 200°C. The country will
build smdler plants of 3-5 MWein Ruili in western

Y unnan province. Geotherma resources in Tengchong
will be studied (Xinhua, 1998).

State Economic and Trade Commission (SETQC)

SETC sresponghilitiesin the dectric power industry
include power sector planning, industry policy
formulation, approval of sectoral standard, drafting of
laws and regulations, generd industry supervison, and
improving rurd dectricity supply. In addition, SETC
approves technology transfer projects.
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The Energy Divison of the Energy Conservation and
Comprehengve Utilization Department formulates the
Government of Chind s (GOC) renewable energy policies
and regulations. This divison promotes new renewable
energy development and organizes environmenta
protection development and projects associated with
environmenta protection. In addition, the divison

controls millions of Y uan Renminbi (RMB) to be used for
loans towards renewable energy project development.

Ministry of Science and Technology (MOST)

Formerly known as the State Science and Technology
Commission (SSTC), MOST oversees nationa science
and technology research projects. The High and New
Technology Development and Indudtridization

Department is responsible for regulating and organizing
science and renewable energy technology projects.

MOST and SDPC jointly formulate the Five-Y ear Plan for
science and technology. MOST aso organizes and
implements renewable energy research projects and
promotes its technologica ingtitutions.

Through its Nationd Geotherma Devel opment Center,
MOST administers al research activities related to
geothermal resources, and is also responsible for
prioritizing prospective resource development activities
and rdlaying thisinformetion to the Ministry of Geology
and Minera Resources, Baijing University, the Chinese

Academy of Sciences, and Tianjin University have
executed research projects for SSTC.

Ministry of Geology and Minerd Resources (MGMR)

Geothermal resource development activities, eg.,
drilling, production tests, interference tests, ae MGMR's
respongbility. In addition to the centra organization,
there are a'so province- and county-level geology and
minerd bureaus.

Minigry of Agriculture (MOA)

The Energy Divison of MOA, which oversees rura
environmenta and eectrification issues, grants 10
million Y uan RMB (approximately US$1,200,000) each
year to support renewable energy technology
dissemination and demongtration projects, with emphasis
on biomass and solar/thermal technologies.

Chinafirg dlowed foreign investment in the power
industry in 1984. Foreign investment  accounts from 10-
20% of the industry’ stotal investment, according to the
State Power Corporation, attracting $20.7 billion since
1984.

Since 1993, the Chinese Government has made
ggnificant srides in opening the power sector to foreign
investment, technologica assistance, and globa trade.

Geothermal Resources in China
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Severd centrd government laws, palicies, and
regulations affect energy and renewable energy
development throughout China. Many provinces have
their own incentives and laws in addition to those
enacted by the government in Beijing.

Electricity Law — April 1996

Chind s Electricity Law provides a comprehensive lega
framework for the development of the country’s power
indugtry. It supportsthe role of foreign invesment and
addresses direct investment in power plants through joint
ventures or foreign-owned companies, and ensures that
invesments are in line with Chind s nationd industrid
policies and long-term economic development plans.

The Law dso sipulatesthat eectricity prices shal
reasonably compensate for production costs and rates of
return and take into account gpplicable taxes. Thelaw
does not provide any guidance on what congtitutes a
ressonable rate of return. Pricing for ectricity in rurd
areas will be determined on the basis of cost recovery
plusaminimd leve of profit.

6 The GOC imposes (though not officialy) a
ceiling on the return on equity to power projects
of 15-18% (Dorian, 1998). There are ways of
getting around this “invisible cap on returns’ but
it usually involves more time and bureaucracy
(Vaupen, 1999).

The GOC has made favorable policiesin China's
Electricity Law for purchasng power from renewable
energy projects. The following provisons are stated:

. Provisons 5, 48: Renewable energy is
strongly encouraged by the state.
. Provison 22: Stipulates that the Sate

power utility, which isin charge of the
local power grid, must purchase dectricity
generated by IPPs.

. Provison 36: Stipulates that the price paid
for dectricity should cover the cost to
produce the eectricity and that the returns
should be reasonable in order to promote
electric power development.

Build-Operate-Transfer (BOT) Law

China encourages foreign investors to be involved in the
congtruction of infrastructure projects by using such
methods as BOT and project financing.

The present regulationsin Chinadlow for either foreign
ownership of up to 49% or 100% of share capita of a
BOT company. Thisregulation prevents any foreign
investor from having a controlling share in the project
company unlessit owns 100% of the BOT enterprise.
Under such aruling, many potentia foreign investors

Geothermal Resources in China
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have been reluctant to consder undertaking large BOT
projects because of the limited control they would enjoy
(Dorian, 1998).

The gpplication of BOT in Chinais carried out stage by
stage. The procedures for establishing aBOT project are
asfallows

. The project sponsor prepares the project
proposal, and submitsit, using the required
procedures, for project approvd;

. Oncethe project is gpproved, the
government authority sponsoring the
project organizes or entrusts an agency to
prepare the bid invitation documents
including the concession agreement, and
continuing with the bid invitation and
submission activities for sdecting the
foreign partner;

. The concession agreement as approved by
the government body sponsoring the
project is atached to the project feasbility
study report prepared by the selected
bidder and the appraisal report by the bid
selection committee;

. Once the project concession agreement is
approved, the bid winner” must, within the
required period, establish the project
company in accordance with procedures
gpecified in the law governing foreign
investment; and

. The government authority shdll officialy
sign the concession agreement with the
project company, and the agreement will be
effective immediatdy upon being sgned.

All foreign investment projects must be gpproved by the
Ministry of Foreign Economic Relations and Trade
(MOFERT) and the State Adminigtration of Exchange
Control (SAEC). Projects smaler than 150 MWe or
cogting less than $30 million more can bypass centra
government gpprova. SDPC must approve dl BOT
projects over $30 million; the State Council must
approve those exceeding $100 million.

Ninth Five-Y ear Plan (1996-2000)

In the Ninth Five-Y ear Plan (1996-2000), China adopted
severd ambitious nationd programs including the

! The practice of BOT in Chinais conducted
through competitive conditional bidding. Once
the project proposal is approved, the bidding
procedure begins.

Geothermal Resources in China
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“Brightness Program,” “Integrated and Comprehensive
Rura Electrification,” “Energy Efficent Lighting,” and
“Riding the Wind Program.” In addition, Chinais
implementing the Energy Conservation Law which was

adopted by the People’ s Congress on November 1, 1997.

All of those programs and policies are designed to use
efficiency and renewable energy as a means of reducing
energy intendty (the energy used to produce a unit of
Gross Domestic Product) and provide least-cost
electricity to remote aress, thus curtailing environmental
damage (Protocol Progress Report, 1999). During the
Ninth Five-Y ear Plan, 90% of rurd Chinese homes will
reportedly have eectricity.

Tenth Five-Y ear Plan (2001-2005)

In the Tenth Five-Y ear Plan (2001-2005), Chinawill pay
great attention to developing renewable energy,

especidly on improving its converson efficiency,

cutting production costs, and increasing its share in
national energy congruction. In particular, Chinawill
implement the “ Strategy Plan for Developing the West
Areacof China” Renewable energy will have an
important role to play in bringing eectricity to this
sparsely populated region of China (Shi, 2000).

The Tenth Five-year Plan’ s objective vis-avis
geothermd is, by 2005 to:

. have geothermd energy, including power
generation and direct use, account for 1
million tons of Mtce (million tons of cod
equivaent, equa to 0.12276 TWh of
electricity);

. build a 10 MWe geotherma demonstration
plant in Tengchong County; and

. develop geothermad heat pump technology
from gpplication to commercidization.

“Same Grid, Same Price’

China experimented with energy price reformin
controlled stages for much of the 1980s and early 1990s.

The GOC often used a multi-tiered pricing system — one
for energy production within the state plan; another,
higher leve for production which exceeded date plans.
More extensve reformsin the early 1990s resulted in
rapidly riSng energy prices.

Regiona overcapacity, common in the late 1990s,
resulted in some power purchase agreements not being
honored as old plants, which have aready recovered
their capita costs, can supply power most chegply
(Logan. 1999). Average prices have sabilized since the
late 1990s as supply exceeded demand (Logan, 1999).

Geothermal Resources in China
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The GOC recently established new “same grid, same
priceg’ policies—dl plants connected to the same

regiond grid must charge the same price for dectricity.
Asaresult of the heavily-subsidized and costly Three
Gorges Dam project, however, Chinese eectricity prices
will be distorted for along time as a mgjor source of
eectricity ismassvely subsdized by the government
(Wang, 1999).

China s accession to the World Trade Organization
(WTO) will dramatically broaden competition within
Chinawhich will demand that power be sold at
competitive prices (David Hartman, U.S.-China
Renewable Energy Forum, April 20, 2000).

“New and Renewable Energy Development Program,
1996-2010"

The “New and Renewable Energy Development Program,
1996-2010" is designed to improve the efficiency of
renewable energy technologies, lower production codts,
and increase renewable energy’ s contribution to the
country’s energy supply within a market system.

Despite their proven environmenta and socia benefits,
renewable energy in Chinaremains largely undeveloped
for severd reasons— limited capacity to disseminate
renewable energy through market mechaniams,
inditutiona fragmentation, lack of business ills,
incompl ete assessment of renewable resources, lack of

facilities for testing and certifying equipment, high cost
of renewable energy systems, and lack of suitable
funding mechaniams.

The detalls of the program are asfollows:

. Renewable energy mainly includes wind power,
PV, biomass power, geothermal power, and ocean
energy. The State Planning Commission and
Minigtry of Science and Technology will actively
support the projects concerning renewable energy
for power when arranging construction, aswell as
scientific projects financed by the state
governmert.

. Renewable energy power projects have priority in
getting loans for capital condruction, with the
State Development Bank granting loans to such
projects. The State Planning Commisson will ad
the developers of those projects which are
approved by the State, and have a capacity of over
3,000 kWe, to obtain bank loans. The projects,
which get loans from banks, will get 2% interest
deducted. The Ministry of Finance will pay the
deducted interest for the state projects. The
borrower should meet the following requirements:

1. The project developer will obtain aletter of
intent for bank loans when preparing a
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project proposal, and aletter of
commitment when doing the feasibility
study.

2. The equity of the project on renewable
energy for power will not be lower than
35% of the totd project investment.

3. The developer will pay theloan interest to
the bank, and apply to the financid
department for interest deduction on an
annud bass.

For renewable energy eectric power projects, the
electric grid management department will

purchase dl power and dlow the nearest grid
connection. Thelegd representative of the

project will get a PPA from the utilities and a letter
of intent for grid connection when preparing the
project proposa, and aletter of commitment when
conducting the feasibility study.

When the project is il within the loan payback
period, the pricing will follow the principle of
repayment plus related interest plus reasonable
profit. The amount that exceeds the grid average
power price will be shared within the eectric grid.
The investment profit rate of a project which uses
imported equipment will not exceed 3% plusthe
interest rate on the loan. Dueto theloca

production encouragement policy, the investment
profit rate of projects usng Chinese-built
equipment will not be lower than 5% plusthe
interest rate.

The power price of projects using Chinese-made

equipment will be equd to the power price of the

projects using imported equipment and connected
to the same grid.

At the project proposa stage, the devel oper will
obtain aletter of intent for the power purchase
price from the loca Price Bureau. At the
feadbility study stage, the local Price Bureau will
examine the power price (including the price
congtitute), and report to the State Planning
Commission for the record. The power purchase
price gpproved by the local Price Bureau and the
State Planning Commisson will comeinto effect
at the project garting date. After the loan payback
period, the price will be set according to the
eectric grid' s average power price.

The government encourages adopting lease
contract or ingtallment payments to develop
stand-aone renewable energy power systems. The
loca government stipulates specific rules
according to the locdl factua conditions, and
reports to the State Planning Commission for the
record.

Geothermal Resources in China



. The explanation of the provisons of this
document is subject to the State Planning
Commission.®

Regulaions on the Devel opment and Application of
Geotherma Resources, October 1989

China s geothermd law governs the exploration and
application of the country’ s geothermal resources.
Provincid and county-leve regulaions may dso apply.

At the nationd level, SETC' s objectives regarding
geotherma development are to:

. Use high-enthal py geotherma resources
for power generation in remote aress of
China,

. Grestly develop low and medium-enthal py
geothermd resources for heat supply and
comprehengve utilization, and

8 For more information on the “New and
Renewable Energy Development Program,
1996-2010" see
http://ntwebsrvivhl.nrel .gov/international/china/
whats new.html.

. Improve the level of geotherma equipment
production (Zhai, 2000).

The god isto have 30 MWe of indalled power
generation capacity from geothermal resources by 2000,
40-50 MWe by 2005, and 75-100 MWe by 2010 (Zhal,
2000).

Protocol for Cooperation in the Fields of Energy
Efficiency and Renewable Energy Devel opment and
Utilization

On February 25, 1995, the U.S. Department of Energy
(DOE) and the State Science and Technology
Commission, now MOST, signed a“Protocol for
Cooperation in the Fields of Energy Efficiency and
Renewable Energy Development and Utilization.”

Annex VI to the Protocol, “Cooperative Activities on
Geothermal Production and Use,” was signed on
November 18, 1997 between the State Science and
Technology Commission (now MOST) and DOE. The
objective of this agreement isto accderate the utilization
of geothermd resources in China, both for eectricity
generation and direct therma energy use.

° For more information on the Protocol, see

http://ntwebsrvivhl.nrel.gov/international/china.
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In Fall 1998, DOE sent two U.S. geotherma expertsto
Tengchong County to work with the Chinese drilling
team to look at drilling equipment, safety, and geologica
issues and make recommendations for their
improvement.

In addition, DOE will supply technical assstancein
feashility studies and training to support China s efforts
to demongtrate geotherma heat pump (GHP) technology
in three commercia buildings, using U.S.-made
equipment.

Finaly, through the Lawrence Berkeley Laboratory, DOE
is supporting a scientific study of the geologica
mechanisms that are producing the geothermd energy
resources a the Tengchong Ste.
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GEOTHERMAL RESOURCES> 150°C
AND SITESWITH POWER PLANT(S)

IN CHINA
I nstalled :
Project Name Status From To capacity Potential
Temp °C | Temp °C MWe
p p i (MWe)
Bdazhang Preliminary identification/report 98 214 0 Unknown
Bangbie Preliminary identification/report 63 177 0 Unknown
Bongbeng Preiminary identification/report 95 205 0 Unknown
Cagjian Preliminary identification/report 61 170 0 Unknown
Chduo Prdiminary identification/report 88 220 0 10
Dakongbeng Preliminary identification/report 97 212 0 11
Daping Prdiminary identification/report 94 180 0 Unknown
Dengwu Power plant(s) on Site 87 9 0.866 0.866
Eryuan Preliminary identification/report 69 204 0 Unknown
Fengshun Power plant(s) on Site 95 N/A 0.5 0.5
Heishehe Wedll(s) or hole(s) drilled 125 200 0 23.9
Huala Power plant(s) on Site 85 88 0.2 0.2
Hui-Chang Spa Power plant(s) on Site 91 N/A 0.3 0.3
Huitang Power plant(s) on Site 38 102 0.03 0.03
Humeng Preliminary identification/report 94 172 0 Unknown
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Installed

Project Name Status From o capacity Potential
Temp °C | Temp °C MWe
p p e (MWe)

Jangd Yichune Power plant(s) on Site 67 N/A 0.05 0.05
Langjiu (Shiquanhe) Power plant(s) on Site 78 180 2 3.2
Lanniba Prdiminary identification/report 93 157 0 Unknown
Lanpu Hot Pool Preliminary identification/report 96 220 0 Unknown
Lincang Hot Pool Prdiminary identification/report 64 177 0 Unknown
Litang Preliminary identification/report 190 220 0 10
Longmadong Prdiminary identification/report 84 195 0 Unknown
Longwozha Preiminary identification/report 96 173 0 Unknown
Malutianba Preliminary identification/report 96 178 0 Unknown
Mangwoshan Prdiminary identification/report 89 189 0 Unknown
Manzhao Preliminary identification/report 97 202 0 Unknown
Maolan Prdiminary identification/report 68 152 0 Unknown
Maomeaolei Preliminary identification/report 70 196 0 Unknown
Mengman Preiminary identification/report 99 234 0 Unknown
Mengping Preiminary identification/report 102 180 0 Unknown
Naqu Power plant(s) on site 62 170 1.3 573
Niujie-Sanying Wedll(s) or hole(s) drilled 82 193 0 Unknown
Panzhihua Bailing .
Springs Weéll(s) or hole(s) drilled 97 187 0 49.4
Quangiache Priminary identification/report 96 190 0 Unknown
Reha (Hot Sea) Concession 97 275 0 2335
Rdi Prdiminary identification/report 215 227 0 19.8
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Installed

Project Name Status From To capacit Potential
) Temp °C | Temp °C pacity (MWe)
(MWe)
Renzhou Power plant(s) on site 77 N/A 0.1 0.1
Reshuitang Preliminary identification/report 145 221 0 96
Ruidian Widl(s) or holg(s) drilled 86 200 0 47.2
Ruili Well(s) or hole(s) drilled 215 230 0 3
| Wana Preiminary identification/report 88 154 Unknown
Wentang Power plant(s) on Site 66 70 0.1 0.1
gﬂg"y“m X120tEg | oy i minery identification/report 25 156 0 Unknown
Xiamiandian Preiminary identification/report 71 170 0 Unknown
Xiangzhou Power plant(s) on Site N/A N/A 0 Unknown
Xiaodingxi-Xiagjie Preiminary identification/report 9 207 0 Unknown
| Xiaojie-Manbeng Priminary identification/report 101 175 0 Unknown
Xingfu Prdiminary identification/report 95 221 0 Unknown
‘ Xiongyue Power plant(s) on Site 72 85 0.2 0.2
Yangbgjian Power plant(s) on Site 125 330 25.18 900
‘ Yangyi WEell(s) or hole(s) drilled 150 207 0 30
Yichun Power plant(s) on site N/A N/A 0.1 0.1
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Installed

Project Name Status From o capacity Potential
Temp °C | Temp °C MWe
p p e (MWe)
Yili Preliminary identification/report 160 180 0 Unknown
Yongxin Preliminary identification/report 97 158 0 Unknown
Y ulingong Priminary identification/report 135 170 0 Unknown
Y unnancheng Preiminary identification/report 99 166 0 Unknown
Zhaizhipo Priminary identification/report 50 165 0 Unknown
Zhaoyuan Power plant(s) on Site 90 120 0.2 0.2
TOTALS 31.126 1445.376
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Geothermal Sites/ Projects

Chinaislocated in the southeastern corner of the
Eurasan Tectonic Plate. It isinfluenced both by the
Pecific Plate to the east and the Indian-Audtrdian Plate
to the south. Two geotherma belts are formed at the
juncture of these plates — the Himaayan Geothermal
Bdt and the Circum-Pecific Bdlt.

The Himaayan Geotherma Bdt, which isthe eastern
extenson of the Mediterranean Belt, passes through
southern Tibet and western Sichuan Provinces, turns
southward through western Y unnan Province and then
extends downward through Thailand. In Ching, the
Himalayan Bdlt is more than 2,800 km long and 200-400
kmwide. The Circum-Pecific Belt passes through
eastern Taiwan (Taylor and Li, 1996).

The geothermal background in Chinaiis closdly reated to
tectonic factors. Generdly the younger and more active
regions have the highest geothermal background.

Overdl the heet flow pattern in Chinais characterized as
high in the south and east and low in the west and north.
For example, southern Tibet, western Sichuan and

Y unnan, and Taiwan are active tectonic aress from the
Cenozoic Age. The reason for these geographica
disparitiesis that snce the Mesozoic Age, China has
been strongly influenced by the tectonic forces from the
south and east mentioned above, creating hot regionsin
these areas (Taylor and Li, 1996).

China has 3,000 hot springs, including 2,200 springs
with recorded temperatures of over 25°C. Hot spring
manifestations are located in more than 75% of the
country’ sterritory (Huang et d., 1981) — Tibet has 709,
western Sichuan 342, and western Y unnan 694. Other
provinces rich in therma springs are Guangdong with

257, Fujian with 174, and Hunan with 109 (Zhijie, 1997).

Low and Medium-Enthal py Resources

There are intermediate-low temperature resources a
more than 2,900 sites with natura heat flow of 1.04 x
1014 kJyr, equivdent to 3.6 million tons standard coal
per year. They are mainly located dong China's
southeastern coast in Guangdong, Fujian, and Hainan
Provinces, and in some inland basins, including Song-
Liao, North China, Jang-han, etc. Thermd waterswith
temperatures of 80-120°C are found at 1000-3000 m
depth (Zhenguo, 1999).

China has used low-enthapy geotherma resources for
more than 2,000 years. Hot springs were used for
irrigation and domestic purposes as early asin the
Eastern Zhou Dynasty (c. 770-256 B.C.) (Yang, 1985).
During the Han Dynagty, sdt was extracted from thermal
water in the Zigong area of Sichuan Province. Inthe
Ming Dynagty, Li Shi-zheng, afamous medicd doctor at
the time, used hot spring water for treating diseases
(Wang, 1995).
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Today, Chinais one of the largest users of non-electric
geothermd energy in the world with 1,620 sites across
the country where geotherma energy is used for direct
use. Intotd, these Stes have produced energy
equivaent to burning 5 million tons of standard cod.
Sitesin operation include: 112 Stes for agricultura uses,
51 indudtrid applications, 65 Stes using thermd springs
for tourism and bathing, and 35 selsmic observation
stations (Protocol for Cooperation in the Fields of
Energy Efficiency and Renewable Energy, Progress
Report, 1999). Direct uses amount to more than 2,000
MWt (Ishikuraet ., 1999).

China has 24% of the world's geothermd hesting
goplications. Low and medium enthapy resources are
primarily located in the inland and coastd aress of the
country where population densities are high and the
demand growing. Most of the work in this area has been
carried out by Tianjin Geothermd Center.

Space heeting is a common gpplication in northern China
where geothermd resources with temperatures of 40-
80°C provide heat to over 1.3 million n¥ of floor space.
Thelargest project isin Tianjin where about 50 wells
provide therma water with temperatures up to 970 C to
heat atota areaof 805,000 n?. Space heating projects
in Baljing are spread over alarge area of the city,
athough there are no large centrd heeting systems
(Taylor and Li, 1996).

The use of geothermd resources in China has grown
12% per year in recent years. Asof 1999, 3,000
geothermd wdls have been drilled in 70 cities.

High-Enthal py Resources

China has over 200 high-enthdpy geothermd fields
which may be suitable for power generation with
reservoir temperatures higher than 150°C (Zhijie, 1997).
High-enthalpy resources are located in the East Taiwan
Geothermd Zone which lies along the southern coadt,
and the Y unnan-Xizang (Tibet) Geotherma Zone located
in the southwest plateau which includes the southern part
of Xizang (Tibet) and the western parts of Y unnan and
Sichuan Provinces.

Geotherma power generation in Chinabegan in 1970
with the commission of a 300 kWe plant at Fengshun.
Severa other smdl experimenta power plants (lessthan
1 MWe) were built in the 1970s using artesian low-
enthapy water (< 90°C) but only Dengwu is il
operationd, dbat intermittently. Currently, China has
goproximately 28 MWe of indalled capacity. Thesingle
largest geothermd power plant currently operating isthe
25.18 MWe complex a Y angbgjian.

In 1999, ORMAT Holding Company signed ajoint
venture contract with the Y unnan Province Geotherma
Deveopment Co., Ltd. for exclusive dectric power

Geothermal Resources in China

27



development of geotherma resourcesin Tengchong
County, beginning with a12 MWe plant & Rehai.

China s principa geotherma fields for power generation
include Y angbgjian, Nagu, Yangyi, and Langjui in
Xizang Province (Tibet); Rehal, Lanpu, Ruidian, and
Ruili in Yunnan Province; and Litang in Sichuan
Province.

Estimated Power Generation Potential (M\We)

Edtimates of China s geothermal eectric power
generation potentia vary widdy, from 200 MWe to over
10,000 MWe.

Hochstein and Y ang, (1995) suggest atotal potentia of
200 MWe (excluding West Y unnan resources), Shen et
al., (1995) suggest 400-1,100 MWe, Chen et al., (1994;
cited in Wang et al., 1995) suggest 1,700 MWe (1,000
MWein Tibet, 570 MWe in West Yunnan, 170 MWein
West Sichuan), and Ren et dl., (1995) estimate over 6,000
MWe with a 30-year life (Alliset d., 1996).

Zhijie estimates that the potential power generation
capacity on the Chinese mainland is 10,326 MWe for 30
years— 6,126 MWein Tibet; 2,795 MWe in western
Y unnan Province; and 1,045 MWe in western Sichuan
Province (Zhijie, 1997).

Taking into account the 46 geothermd sites listed in this
report with temperatures of over 150°C, the estimated
power generation potentia is 1439.73 MWe at a
minimum.

The GOC' s god isto have 30 MWe of ingalled power
generation capacity from geothermal resources by 2000,
40-50 MWe by 2005, and 75-100 MWe by 2010 (Zhal,
2000).

If Chinaisto achieve geothermd devel opment
gpproaching this magnitude within the next 10-20 years,
there needs to be a reassessment of al mgor hot spring
occurrences, incorporating both economic criteriaas
well asredigtic estimates of resource potential. Much of
the resource data has already been collated by the
provincid and sate Geologicd and Minera
organizations, so0 alarge part of this study would be
office based, using in-house expertise. “Reservoir”
temperature estimates need to be based on the TKMg
geothermometer rather than the TNaK geothermometer
(Giggenbach, 1988), and caution is needed when using
the area of thermal manifestations as an indicator of
reservoir area. The massflow of hot water and gpparent
reservoir temperature will yidd aheat output which is
probably the best indicator of reservoir sze (Alliset d.,
1996).

Thefollowing is data on those Stes which have
temperatures exceeding 150°C, as well asthe Sites that
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have a power plant on location (severd of which are no

longer operational).

Project / Site Province
Dengwu Guangdong
Fengshun Guangdong
Renzhou Guangxi
Xiangzhou Guangxi
Huala Hebel
Hui-Chang Spa Hunan
Huitang Hunan
Wentang Jangxi
Yichun Jangxi
Xiongyue Lisoning
Zhaoyuan Shandong
Chduo Sichuan
Litang Sichuan
Panzhihua Bailing Springs Sichuan
Yili Xinjiang
Langjiu (Shiquanhe) Xizang (Tibet)

Naqu
Yangbgian
Yangyi

Y ulingong

Baazhang
Bangbie
Bongbeng
Cagjian
Dakongbeng
Daping

Eryuan
Heishehe
Humeng
Lanniba

Lanpu Hot Pool
Lincang Hot Pool
Longmadong
Longwozhai
Mautianba
Mangwoshan
Manzhao
Maolan
Maomaolel
Mengman
Mengping
Niujie-Sanying
Quangiaohe
Rehai (Hot Seq)
Rdi

Xizang (Tibet)
Xizang (Tibet)
Xizang (Tibet)
Xizang (Tibet)

Y unnan
Y unnan
Yunnan
Y unnan
Y unnan
Yunnan
Yunnan
Y unnan
Yunnan
Yunnan
Y unnan
Y unnan
Yunnan
Y unnan
Yunnan
Yunnan
Y unnan
Yunnan
Y unnan
Yunnan
Y unnan
Yunnan
Y unnan
Yunnan
Yunnan
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Reshuitang Y unnan

Ruidian Y unnan
Ruili Y unnan
Wana Y unnan
Xiabiaoyuan Xiaotang Y unnan
Xiamiandian Y unnan
Xiaodingxi-Xiagjie Y unnan
Xiaogjie-Manbeng Y unnan
Xingfu Y unnan
Yongxin Y unnan
Y unnancheng Y unnan
Zhaizhipo Y unnan
Jangs Yichune Zhdgiang

Database entries are listed dphabeticaly by project or
dtename.

POTENTIAL (MWe) N/A

CHRONOLOGY
1970s - Reconnaissance conducted in the Qinghai-
Xizang Plateau.

NOTES
Siteof 1 smdl geyser (Liao et d., 1984). China

Surface temperature is 98°C, subsurface temperature is
214°C (Liso et al., 1986).

Bangbie

LOCATION
Y unnan Province, West Y unnan

Balazhang

STATUS
Prdiminary identification/report

LOCATION
Y unnan Province, West Y unnan, Longling County,
1280 mad

TEMPERATURE (°C) 63-177

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

STATUS

Preiminary identification/report

TEMPERATURE (°C) 98-214
INSTALLED CAPACITY (MWe) 0

NOTES
Surface temperature is 63°C, subsurface temperatureis
177°C (Liao et d., 1986).

Geothermal Resources in China

30



Bongbeng

POTENTIAL (MWe) N/A

LOCATION

Y unnan Province, Wes Yunnan

CHRONOLOGY

STATUS
Prdiminary identification/report

NOTES
Surface temperature is 61°C, subsurface temperature is
170°C (Liao et al., 1986).

TEMPERATURE (°C) 95-205

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Chaluo

CHRONOLOGY

LOCATION
Sichuan Province, Western Sichuan, Batang County,
3600 mad

NOTES
Surface temperature is 95°C, subsurface temperature is
205°C (Liso et al., 1986).

Caojian

LOCATION
Y unnan Province, West Y unnan

STATUS
Preliminary identification/report

STATUS

Preiminary identification/report

TEMPERATURE (°C) 88-220
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 10
CHRONOLOGY

1970s - Reconnaissance conducted in the Qinghai-
Xizang Plateau.

TEMPERATURE (°C) 61-170

INSTALLED CAPACITY (MWe) 0

NOTES

In the area near Chaluo, there are small geotherma
fields with temperatures up to 220°C and an estimated
potential of 10 MWe.
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Surface manifestations include fumaroles, bailing
gprings, therma springs, and 4 geysers, located at the
junction of two sets of faults with N-S and NE trends
(Liso et d., 1984).

Dakongbeng

(Zhang, et d., 1984).

The Dakongbeng hydrothermal areais located
tectonicaly within the Sanjiang folded srata belt
which was formed during the Indo-China stage, and
dtered by stronger tectonic activity during the

Y enshan and Himaayan stages (Zhang et d., 1984).

LOCATION

Y unnan Province, in the southwestern part of the
province, 14 km west of Y unxian Town, about 180 km
southeast of the Tengchong geothermd region, 1280
med

Daping

LOCATION
Y unnan Province, West Y unnan

STATUS
Preliminary identification/report

TEMPERATURE (°C) 94-180

STATUS

Prdliminary identification/report

TEMPERATURE (°C) 97-212
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 11
CHRONOLOGY

1981 to 1983 - Preiminary survey, including
geochemicd study, conducted.

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Surface temperature is 97°C, subsurface temperatureis
212°C (Liso et al., 1986).

Power generation potentid estimated to be 11 MWe

NOTES
Surface temperature is 94°C, subsurface temperature is
180°C (Liao et al., 1986).
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Dengwu

LOCATION
Guangdong Province, in Fengshun County

STATUS
Power plant(s) on Site

which flowed by artesian pressure from deep wells. As
aquifer pressures decreased so too did flow rates;
eventualy pumping was needed to maintain flows
meaking the plants uneconomic. The only ones Hill
operating, dbeit intermittently, are at Dengwu (Alls et
al., 1996).

TEMPERATURE (°C) 87-94

INSTALLED CAPACITY (MWe) 0.866
POTENTIAL (MWe) 0.866

Eryuan

CHRONOLOGY
1970 - Dengwu U-2, single flash 386 kWe went online.

197310 1976 - General geotherma investigation
carried out in Tibet.

1979 - Additional 180 kWe isobutane binary system
began operating.

1982 - Dengwu U-3, single flash 300 kWe went online.

LOCATION
Y unnan Province, West Y unnan

STATUS
Preiminary identification/report

TEMPERATURE (°C) 69-204

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Temperature is 87-94°C; 13 MWt identified (Yang et
al., 1985).

During the 1970s, five binary plants, dl lessthan 1
MWe, were ingtalled around eastern China as pilot
projects. These plantstypicdly used water at 90°C

NOTES
Surface temperature is 68.8°C, subsurface temperature
iS204°C (Liao et a., 1986).

Fengshun

LOCATION
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Guangdong Province, in the northeast part of the
province, about 70 km from Shantou City

Heishehe

LOCATION
Y unnan Province, in West Y unnan 30 km south of

Tengchong

STATUS
Well(s) or hole(s) drilled

STATUS

Power plant(s) on site

TEMPERATURE (°C) 95
INSTALLED CAPACITY (MWe) 0.5
POTENTIAL (MWe) 0.5
CHRONOLOGY

1970 - Firgt geotherma power plant in Chinawent
online; flash plant; ingtaled capacity of 300 kWe.

1977 - Additional 200 kWe binary plant went online;
used isobutane-butane as working fluid

Plants currently operate intermittently.

NOTES
Mass flow rate is 240 t/h without deep well pumps
(Zhou, 1983).

Average cogt of the four pilot plants (Fengshun,
Huailai, Wentang, and Xiongyue) was $3,000-
$4,000/kW, two to three times the cost of asame size
thermal plant. The average cost of dectricity was
about 66 millskWh, roughly equd to the cost of a
same cgpacity thermd plant (Zhou, 1983).

TEMPERATURE (°C) 125-200
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 23.9
CHRONOLOGY

NOTES

Concession to the loca government of Heishehe
Geothermometer temperature of 200°C
Areaof 2 km?; temperature of 145°C encountered at

depth of 1500 m; potentia estimated at 23.9 MWe for
30 years (Vaupen, 1999).

Huailai

LOCATION
Hebei Province, in Hudia County; 92 km northwest
of Bejing
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STATUS
Power plant(s) on Site

1985).

TEMPERATURE (°C) 85-88

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

0.2
0.2

Hui-Chang Spa

CHRONOLOGY

Prior to 1971 - 3 wells drilled to average depth of 79
m; encountered average temperature of 83°C; total
mass flow rate of 210 t/h. (Zhou, 1983).

September 1971 - 200 kWe binary plant
commissioned; used ethyl chloride as working fluid;
used al used equipment.

Power plant currently not used.

LOCATION
Hunan Province, in Ningxiang County

STATUS
Power plant(s) on site

TEMPERATURE (°C)

91

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

0.3
0.3

CHRONOLOGY

1975 - 300 kWe flash system indtalled.

NOTES
Geothermal resource is aso used for greenhouses and
farming.

Average cogt of the four pilot plants (Fengshun,
Huailai, Wentang, and Xiongyue) was $3,000-
$4,000/kW, two to three times the cost of asame size
thermd plant. The average cost of eectricity was
about 66 millskWh, roughly equa to the cost of a
same capacity thermd plant (Zhou, 1983).

Temperature is 88°C; 61 MW identified (Yang et d.,

NOTES

Huitang

LOCATION
Hunan Province

STATUS
Power plant(s) on site

TEMPERATURE (°C)

88-102
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Surface temperature is 94°C, subsurface temperatureis
172°C (Liao et d., 1986).

INSTALLED CAPACITY (MWe) 0.03
POTENTIAL (MWe) 0.03
CHRONOLOGY

1971 - Binary 30 kWe plant went online (Ren et d.,
1990). Geothermd plant works intermittently.

Jiangsi Yichune

NOTES
Geothermd resource is dso used for greenhouses and
farming.

Temperature is 88-102°C; 134 MW identified (Yang
eta., 1985).

LOCATION
Zhdiang Province

STATUS
Power plant(s) on Site

TEMPERATURE (°C) 67

Humeng

INSTALLED CAPACITY (MWe) 0.05
POTENTIAL (MWe) 0.05

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY
1971 - 50 kWe ethyl chloride system went online.

STATUS
Preliminary identification/report

NOTES

TEMPERATURE (°C) 94-172

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Langjiu (Shiquanhe)

CHRONOLOGY

LOCATION
Xizang (Tibet) Province, in the far western part of the
province, 30 km east of Shiquanhe, 4500 mad

NOTES

STATUS
Power plant(s) on site
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TEMPERATURE (°C) 78-180

origindly thought (IGA).

Concession to the Industry Bureau of Ali, Tibet

INSTALLED CAPACITY (MWe) 2
POTENTIAL (MWe) 3.2
CHRONOLOGY

1973 t0 1976 - General geotherma investigation
carried out in Tibet.

Late 1970s - Survey suggested a subsurface
temperature of 180°C which might support a10 MWe
plant (Ren et d., 1995).

1980 to 1982 - Chinese and French earth scientists
carried out geologica, geophysicd, and geochemical
gudiesin Tibet (Grimaud et ., 1985).

Early 1980s- 13 wdlsdrilled in 1-km? areato around
100 m; encountered temperatures of 101-105°C in an
inferred reservoir area of 0.4 knm? (Alliset d., 1996).

1987 - Two single flash-steam 1-MWe plants ingtaled;
operating intermittently due to unsteady production
from wdls (Fangzhi, 1995).

Lanniba

LOCATION
Y unnan Province, West Y unnan

STATUS
Prdiminary identification/report

TEMPERATURE (°C) 93-157

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Surface temperature is 93°C, subsurface temperature is
157°C (Liao et d., 1986).

NOTES

Only one plant is currently operationd. Downward
leakage of cold waters has damaged part of the
reservoir and the maximum capacity of the field may
now be only 3.2 MWe, down from the 10 MWe

Lanpu Hot Pool

LOCATION
Y unnan Province, 10 km south of Rehal, in Tengchong
County
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STATUS
Preliminary identification/report

POTENTIAL (MWe) N/A

TEMPERATURE (°C) 96-220

CHRONOLOGY

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

NOTES
Surface temperature is 64°C, subsurface temperature is
177°C (Liao et d., 1986).

CHRONOLOGY

NOTES
Lanpu isusualy consdered to be part of the Rehai
geothermd fidd; its areais about 4.5 km?.

Discharge temperature is 96°C (Zhang et d., 1987).
Spring vents have shifted frequently. Prior to these

migrations, hydrothermal explosons have occurred
(Tong et al., 1986).

Litang

LOCATION
Sichuan Province, near Litang township, in the western
part of the province

STATUS
Preiminary identification/report

TEMPERATURE (°C) 190-220

Lincang Hot Pool

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 10

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
Prdiminary identification/report

TEMPERATURE (°C) 64-177

INSTALLED CAPACITY (MWe) 0

NOTES
Severd smdl fidds; reservoir temperatures are in the
190-220°C range.

Dueto the limited reservoir area, eectric generation
potentia is probably lessthan 10 MWe,
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Longmadong

POTENTIAL (MWe) N/A

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
Prdiminary identification/report

NOTES
Surface temperature is 96.5°C, subsurface temperature
is173°C (Liao et al., 1986).

TEMPERATURE (°C) 84-195

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Malutianba

CHRONOLOGY

LOCATION
Y unnan Province, West Y unnan

NOTES
Surface temperature is 84°C, subsurface temperature is
195°C (Liao et d., 1986).

STATUS
Preliminary identification/report

TEMPERATURE (°C) 96-178

Longwozhai

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
Preliminary identification/report

NOTES
Surface temperature is 96°C, subsurface temperature is
178°C (Liao et al., 1986).

TEMPERATURE (°C) 96-173

INSTALLED CAPACITY (MWe) 0

Mangwoshan

LOCATION
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Y unnan Province, West Y unnan

STATUS
Preliminary identification/report

Surface temperature is 97°C, subsurface temperatureis
202°C (Liao et a., 1986).

TEMPERATURE (°C) 89-189

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Maolan

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

NOTES
Surface temperature is 89°C, subsurface temperatureis
189°C (Liao et al., 1986).

STATUS
Preliminary identification/report

TEMPERATURE (°C) 68-152

Manzhao

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
Preliminary identification/report

NOTES
Surface temperature is 68°C, subsurface temperature is
152°C (Liao et al., 1986).

TEMPERATURE (°C) 97-202

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Maomaolei

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

NOTES

STATUS
Prdiminary identification/report
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TEMPERATURE (°C) 70-196

Mengping

LOCATION
Y unnan Province, West Y unnan

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A
CHRONOLOGY

NOTES

Surface temperature is 70°C, subsurface temperatureis
196°C (Liao et al., 1986).

STATUS
Prdiminary identification/report

TEMPERATURE (°C) 102-180

Mengman

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
Preliminary identification/report

NOTES
Surface temperature is 102°C, subsurface temperature
is180°C (Liao et al., 1986).

TEMPERATURE (°C) 99-234

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

Naqu

CHRONOLOGY

NOTES
Surface temperature is 99°C, subsurface temperature is
234°C (Liao et dl., 1986).

LOCATION

Xizang (Tibet) Province, 2 km from Nagu Town (the
largest nearby town with 1200 permanent resdents,
average annua temperature -1°C) in Naqu County; 300
km north of Lhasa City; in northern Tibet; at 4526

med

STATUS
Power plant(s) on site
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1973 t0 1976 - General geotherma investigation
carried out in Tibet.

1980 to 1982 - Chinese and French earth scientists
carried out geological, geophysical, and geochemical
gudiesin Tibet (Grimaud et d., 1985).

Mid to late 1980s - Geothermal assessments conducted
and 20 exploratory wells drilled (most are now
collapsed or corroded); located a 0.6 kn? shallow
reservoir with temperatures up to 170°C. Work was
done by the Geotherma Geologica Team composed of
Aquater Sp.A., the Indtituto Internazionale per le
Ricerche Geotermiche (Pisa, Italy), GENZL, and the
Geotherma Development Corporation of Tibet
Autonomous Region.

1993 - $5 million-grant from the United Nations
Deve opment Programme (UNDP) supported the
ingdlation of a1.3 MWe air cooled binary Ormat
plant. Plant operates off of 2 production wellswith
down hole pumps (70 Itr/sat 110°C). A third
production well provides hot water for digtrict heating
in the town.

TEMPERATURE (°C) 62-170
INSTALLED CAPACITY (MWe) 1.3
POTENTIAL (MWe) 5.73
CHRONOLOGY

The cable of one pump failed after 15 days of
operation; the sed of the second after 7 months. The
wells were operated without pumps and experienced
severe scding.

1995 - Plant ceased dl operation. Due to remoteness
of location, pumps were not replaced until 1998.

1998 - Pumps replaced; plant restored to full operating
capacity by the Naqu Power Bureau.

NOTES
Naqu is the only completely stand-done off-grid
geotherma power plant in operation.

The operation is currently being changed so that
pumps will no longer be necessary; anti-scalant
injection will be used to prevent carbonate
precipitations (Lichti et d., 1995).

A geotherma greenhouse at an eevation of 4500 m
has been completed.

Niujie-Sanying

LOCATION

Y unnan Province, in the western part of the province,
87 km north of the city of Dali and 120 km east of the
China-Burma border, 2050 mad. Dadli is known asthe
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“Oriental Switzerland” because of its beauty,
particularly its climate, flowers, and snow (Ping,
1999).

The total flow rate of ZK203 was 7.4 kg/s a awellhead
pressure of 1.5 bar g. Rapid cacite scaling was
observed during the 15-day production test due to

high CO,/seam ratio in the geothermd fluid (Ping,
1999).

1996 to 1998 - The Ddi municipa government funded
the geothermd project. Exploration activities

included geologicd, geophysicd, geochemicd, and
hydrologica surveys, the drilling and logging of

wells, and an assessment of the geothermal resource.
Electrica sounding and spontaneous potentid surveys
were carried out to delineate the geotherma anomaly.

During the 1996-98 project, nine shallow temperature
gradient and two exploraion welswere drilled. The
260 m-deep well ZK203 penetrated the reservoir
between 150 and 230 m depth in Devonian limestone,
some breciated; borehole temperatures as high as
140.8°C were recorded.

Forty-four (44) water samples were collected and
anadyzed. The hot waters are mainly of Na-HCO; type,
while the cold waters are of CaMg-HCO; type.

STATUS

Widl(s) or holg(s) drilled

TEMPERATURE (°C) 82-193
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A
CHRONOLOGY

NOTES

Origindly, the field was explored for eectrica
generation, particularly during the dry winter and
Spring seasons when hydroelectric power is scarce.
However, exploration and well testing studies showed
that the temperature of the fluids was too low to
produce electricity economicaly. Now the authorities
plan to develop the fidd for indugtria applications,
balneology, and tourism (Ping, 1999).

Loca people currently use the hot spring weters,
whose temperatures range from 42°C to 86°C, for
bathing, washing clothes, and cooking.

Surface temperature is 81.5°C, subsurface temperature
is193°C (Liao et al., 1986).

The Niujie geotherma system isin anarrow North-
South trending graben filled with Quaternary clay and
dluvium. Hot water flows dong N-S driking faults
(Ping, 1999).
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Panzhihua Boiling Springs

LOCATION
Sichuan Province

Quangiaohe

STATUS
Weél(s) or hole(s) drilled

LOCATION
Y unnan Province, West Y unnan

TEMPERATURE (°C) 97-187

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 49.4-78

TEMPERATURE (°C) 96-190

CHRONOLOGY
Prior to the 1960s - Hydrotherma explosions
frequently occurred (Tong et d., 1986).

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES

Discharge temperature is 96.8°C; most likely
geothermometer temperature is 187°C (Zhang et d.,
1987).

Areaof 2 km? temperature of 145°C at 1500 m;
potential electricity estimated at 49.4 MWefor 30
years (Vaupen, 1999).

Estimated potentia is 78 MWe; 39 MWt (Yang et d.,
1985).

NOTES
Surface temperature is 96°C, subsurface temperature is
190°C (Liao et al., 1986).

Rehai (Hot Sea)

LOCATION

Y unnan Province, 11 km southwest of Tengchong
township in western Y unnan Province, near the border
with Burma; at the southern end of the Himalayan
Geotherma Belt; Situated at 24°51'-24°58'N and
98023'-98°-28' E; 1098-1912 masl

STATUS
Concession
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TEMPERATURE (°C) 97-235
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 2335
CHRONOLOGY

1976 to 1992 - 13 shdlow test holes, ranging in depth
from 100 to 400 m, were drilled; based on
measurements and other information, it is possble to
say that Rehal isahot water sysem with amagmatic
heat source of about 400-600°C; reservoir temperature
estimated to be 230-275°C (Taylor and Li, 1996).

1995 - Supplementary survey; arranged for deep
drilling to darify resource; five bores planned.

1999 - ORMAT Holding Company signed ajoint
venture contract with the Y unnan Province

Geotherma Development Co., Ltd. for exclusve
electric power development of geotherma resourcesin
Tengchong County. ORMAT will be a85% partner in
the venture which will sgn apower purchase
agreement with Y unnan Province Electric Power Corp.

The project’ s firgt phase will be congtruction of a12
MWe power plant. Currently, the locd power grid can
only take 10-20 MWe of added capacity (Alliset d.,
1996). Totd power potentid of the seam fidd is
estimated at over 200 MWe, which ORMAT bdlieves
can be developed over afive- to seven-year period

after operations begin. Initid investment will be
approximately $30 million.

The Y unnan Province pricing policy for Tengchong
County isolated grid is to dlow the Tengchong Power
Bureau to establish end-use prices. Pricesfor isolated
grids are caculated by consdering capita and
operating codts, interest for servicing debt, and a 15%
rate of return for equity investment. Power prices for
isolated grids reach as high as 10¢/kwWh (Alliset 4.,
1996).

The power generation price ranges from 6.7¢/kWh to
7.8¢/kWh depending on VAT and import duties (Allis
et a., 1998).

NOTES

The Rehai geothermd field is consdered to have the
greatest power generation potentid in China. Itisthe
largest geothermd system in mainland Asia outside of
Kamchatka. Thefield's potentiad power generation
potentid is estimated to be 233.5 MWe for 30 years
(Vaupen, 1999).

Ten shalow wells have been drilled around the Rehal
field, gpparently as part of gold exploration. The holes
were not located close to the thermd activity, but
measured temperatures of up to 142°C at 380 m depth
(Alliset d., 1996).
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Geochemicd surveys indicate that there are two
reservoirs at Rehai, one in the 180-210°C range; the
other higher than 250°C (Zhao, 1995).

Thermd activity at Rehai indudes bailing springs; hot
water pools, fumaroles, steaming ground; fiorite,
adarce, st tufa, and minerogenetic phenomena of
hydrothermd gold and slver; Snter and travertine
formations; thermaly atered ground; and sulfur
deposits. The area has attracted tourists as well as
patients wishing to recuperate in the thermd waters
(Allis, et d., 1998). The geothermd resourceis
currently used for a hedlth spa (IGA).

A complicating factor regarding the development of
the Rehal fidld is the specid vaue the springs have as
atourig dtraction; thelr intendity isunique in China
(Alliset d., 1996).

The Reha geothermd field covers an area of about
100 km? which includes two geotherma areas 6 km
gpart and separated by a mountain -- Liuhaungtang
(Huangguaging-Songmuging) to the east and
Reshuitang to thewest. Liuhaungtang has an
edtimated reservoir temperature of 238°C and a
shallow reservoir temperature of 164°C (Vaupen,
1999).

The main therma features occur along a2 km sretch
of the Zaotanghe River, and dong a 2.5 km lineament

a right angles to the river between Liuhuangtang and
Huangguaging. Theimmediate source of these waters
islikely to be to the north beneath the flanks of Mt.
Bangeshan (Allis, et d., 1998).

The natura hest flow has been estimated at more than
100 MWe. The high temperature spring waters
indicate areatively dilute sodium chloride-
bicarbonate water (< 500 mg/kg Cl), with increasing
sulphate concentrations found at higher eevetions
where steam-hesting has occurred. A totd chloride
flux from the Rehai hot springs of 44 g/s has been
measured, which aso implies a heat flow of dmost
100 MWth assuming the parent fluid has an enthdpy
of 1000 kJkg and a chloride concentration of 500
mg/kg (uncertainties of over 25% in these assumptions
(Alliset d., 1996).

Anomaoudy shdlow saismicity beneath the region (<
7 km) and alow resdtivity anomaly in the upper crust
are conggtent with very high temperatures from a
cooling intrusion (i.e. > 350°C) (Alliset d., 1996).

The water chemigry is mainly HCO;-Cl-Natype and
CI-HCOs-Natype.

A conservative estimate of the naturd heet output
from both direct measurements and indirect chloride
flux methods is 150 £ 50 MWt. Geochemical
equillibria derived from thermd waters suggest a
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reservoir temperature of 250-270°C, and gas chemistry
equillibriaare cons stent with subsurface temperatures
of 200-300°C. The subsurface area of the field and the
potentid reservoir location are poorly defined. If the
Reshuitang (hot) and Bapai (tepid) springs are dso
outflows from the same deep geothermd resource,

then the area of the field could be as much as 50 kn?,
and the natural heat output could be close to 200 MWt
(Allis, et d., 1998).

capacity of 19.8 MWe (Ren et d., 1995).

Peacock Hot Spring is famous for its high temperatures
(96-102°C) and beautiful scenery.

Renzhou

Reli

LOCATION
Guangxi Province

LOCATION

Y unnan Province, on the bank of the Lijiang River,
Rdi City isan important commercia and trade port
with three international borders

STATUS
Power plant(s) on Site

TEMPERATURE (°C) —

STATUS
Prdiminary identification/report

INSTALLED CAPACITY (MWe) 0.1
POTENTIAL (MWe) 01

CHRONOLOGY

TEMPERATURE (°C) 215-227

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 19.8

NOTES
Power plant no longer operating.

CHRONOLOGY

Reshuitang

NOTES
Reli geothermd field hasan areaof 11.8 km?,
reservoir temperatures of 215-227°C, and an estimated

LOCATION
Y unnan Province, 8 km southwest of the Rehai fidd,
1119 mad
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STATUS
Preliminary identification/report

Ruidian

TEMPERATURE (°C)

145-221

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

0
96

LOCATION
Y unnan Province, 60 km north of Tengchong township
in western Y unnan, 1700 mad

CHRONOLOGY

STATUS
Well(s) or hole(s) drilled

NOTES
A hot spring with atemperature of 98.7°C isfound
hafway up the mountain (Ren et d., 1995).

Shallow reservoir temperature is 145°C (Vaupen,
1999).

Field has estimated temperatures of 161-221°C and a
possible capacity of 96 MWe.

Reshuitang has two boiling springs with atota flow of
13 kg/s, implying anatural hesat flow of closeto 5
MWI. This spring is Stuated in the Dayingjian River

Valey at gpproximately 1100 mad (Allis, et d., 1998).

Reshuitang hot springs may be manifestations of the
same deep heat source as Rehal to the north (Allis et
al., 1996).

TEMPERATURE (°C) 86-200

INSTALLED CAPACITY (MWe) 0

POTENTIAL (MWe) 47.2-56.36

CHRONOLOGY

NOTES

The Ruidian geothermd field, with an area of about 3
kmg?, contains 33 warm and hot springs with an average
temperature of 50-75°C, and a maximum temperature
of 97°C. Discharge temperature is 86.5°C; composed
of 6 groups of hot springs (Zhang et d., 1987).

Thermal reservoir geothermometer temperature is
200°C; power generation potentia is estimated at
56.36 MWe for 30 years.

Areaof 3.2 km? temperature of 160°C at 1500 m;
potential electricity estimated at 47.2 MWefor 30
years (Vaupen, 1999).
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Direct use potentia estimated at 39 MWt (Yang et d.,
1985).

Wana

Ruili

LOCATION
Y unnan Province, West Y unnan

LOCATION

Y unnan Province, on the bank of the Lijiang Ruver
near Ruili City, an important commercid and trading
port on the Burmese border; about 100 km south of
Tengchong; in western Y unnan; 760-774 mad

STATUS
Prdiminary identification/report

TEMPERATURE (°C) 88-154

STATUS
Widl(s) or hole(s) drilled

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

TEMPERATURE (°C) 215-230

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 3-5

NOTES
Surface temperature is 87.5°C, subsurface temperature
is154°C (Liao et al., 1986).

CHRONOLOGY

NOTES

Two wells drilled to 1200-1500 m depth encountered
maximum temperature of 100°C; reservoir
temperatures are in the range of 215-230°C; fidd is 12
kn?in sze; initid plant of 3-5 MWe planned.

Isradli and Itdlian companies are doing demondtration
projects a Ruili (Gebert, 1997).

Wentang

LOCATION
Jangxi Province, in the western part of the province;
21 km from Yichun City

STATUS

Power plant(s) on site

TEMPERATURE (°C) 66-70
INSTALLED CAPACITY (MWe) 0.1
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POTENTIAL (MWe) 0.1

TEMPERATURE (°C) 25-156

CHRONOLOGY
September 1971 - First 50 kWe binary plant went
online; used ethyl chloride as working fluid.

NOTES
Two 50 kWe plants were put into operation. Waste
fluid used for direct use.

One 8" wdl was drilled to adepth of 69 m;
encountered temperature of 66°C and a mass flow rate
of 80-100 t/n. Wel isartesan; no pump is required
(Zhou, 1983).

Average cogt of the four pilot plants (Fengshun,
Huailai, Wentang, and Xiongyue) was $3,000-
$4,000/kW, two to three times the cost of a same size
thermal plant. The average cost of dectricity was
about 66 millskWh, roughly equa to the cost of a
same capacity thermd plant (Zhou, 1983).

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A
CHRONOLOGY

NOTES

Discharge temperature is 25°C; most likely
geothermometer temperatureis 156°C (Zhang et 4.,
1987).

Xiamiandian

LOCATION
Y unnan Province, West Y unnan

STATUS
Preiminary identification/report

TEMPERATURE (°C) 71-170

Xiabiaoyuan Xiaotang Spring

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

LOCATION
Y unnan Province, Tengchong

CHRONOLOGY

STATUS
Prdiminary identification/report

NOTES
Surface temperature is 71.4°C, subsurface temperature
is170°C (Liao et al., 1986).
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Xiangzhou

LOCATION
Guangxi Autonomous Region

NOTES
Surface temperature is 94°C, subsurface temperature is
207°C (Liao et d., 1986).

STATUS
Power plant(s) on Site

Xiaojie-Manbeng

TEMPERATURE (°C)

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

N/A
N/A

LOCATION
Y unnan Province, West Y unnan

STATUS
Prdiminary identification/report

CHRONOLOGY

TEMPERATURE (°C) 101-175

NOTES

Xiaodingxi-Xiaojie

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

LOCATION
Y unnan Province, West Y unnan

STATUS
Preliminary identification/report

NOTES
Surface temperature is 100.7°C, subsurface
temperature is 175°C (Liao et d., 1986).

TEMPERATURE (°C)

94-207

Xingfu

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

N/A

LOCATION
Y unnan Province, West Y unnan

CHRONOLOGY

STATUS
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Preiminary identification/report

using F-11/n-butane as working fluid.

TEMPERATURE (°C) 95-221
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A
CHRONOLOGY

NOTES

Surface temperature is 95°C, subsurface temperature is
221°C (Liao et al., 1986).

Xiongyue

LOCATION
Liaoning Province, about 64 km from Yingkou City

STATUS
Power plant(s) on Site

NOTES
Two 100 kWe power plants stopped operations.

Geothermal resource is aso used for greenhouses and
farming.

Etimated 7 MWt identified (Yang et ., 1985).

Two welswere drilled; total flow rate of 120 t/h;
encountered temperature of 80°C (Zhou, 1983).

Average cogt of the four pilot plants (Fengshun,
Huailai, Wentang, and Xiongyue) was $3,000-
$4,000/kW, two to three times the cost of a same size
thermal plant. The average cost of dectricity was
about 66 millskWh, roughly equd to the cost of a
same capacity therma plant (Zhou, 1983).

TEMPERATURE (°C) 72-85

INSTALLED CAPACITY (MWe) 0.2
POTENTIAL (MWe) 0.2

Yangbajian

CHRONOLOGY
1971 - First 100 kWe dud freon binary system went
online.

May 1978 - Second 100 kWe binary plant went online

LOCATION

Xizang (Tibet) Province, 94 km northwest of Lhasa
City, the capitd of the Tibet Autonomous Region, ina
basin bordered by the Nyaingentanglha Mountains to
the north and by the Tang Mountains and Zangboqu
River to the south; at an elevation of 4290-4450 mad.
The China-Nepd highway divides the fidd into two
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parts, the northern and southern; at the junction of the
China-Nepa Highway and the Qinhai-Xizang Highway

STATUS

Power plant(s) on site

TEMPERATURE (°C) 125-330
INSTALLED CAPACITY (MWe) 25.18
POTENTIAL (MWe) 900
CHRONOLOGY

197310 1976 - General geotherma investigation
carried out in Tibet.

1975 - Firg shdlow geotherma well drilled.

1976 - Tibetan Geologicd Team established; more
detailed exploration began; found a shdlow reservoir
between 150 and 300 m; encountered temperatures of
150-165°C which decreased towards the southeast;
extended over an area of 4-5 km? (Ping and Ji, 1999).

1977 - Electricity generation began; Y angbgian No. 1
experimental stage of 1 MWe went online at a reported
cost of US$40 million (IGA).

1981 - First 3 MWe went online.

1982 - Second 3 MWe went online.

1983 - Under UNDP contract, ENEL-AQUATER (ENI)
began geotherma research.

1985 - Third 3 MWe went online; ENEL-AQUATER
concluded reservoir and production engineering study.

1986 - Additiona 3.18 MWe went online.

1988 - Borehole with a measured temperature of 202°C
at 970 m was drilled in the north hydrothermd
dteration area

1989 - Additiond 6 MWe (2 x 3) went online.

1991 - Additiona 6 MWe (2 x 3) went online; total
ingtalled capacity increased to 25.18 MWe. (Whilethe
power plant has an ingtaled capacity of 25.18 MWe, it
generdly produces only 16 MWe due to insufficient
flow rates[Ping, et d., 1997].)

1993 t0 1994 - In order to increase theinstalled
capacity and address the decline in pressure,

exploration of the deep reservoir was begun in the
northern part of thefield. Thefirst degp well, ZK4002,
to 2006.8 m, was successfully drilled. The recorded
temperature in May 1994 was 329.8°C at 1850 m depth
(the borehole has since collapsed at that depth [Ping,

et a., 1997]), with awellhead temperature of 200°C
which later stabilized at 125°C with a pressure of 0.14
MPa, down from 1.5 MPa. Dueto itslow production
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characterigtics, the wdll will not be connected to a
power plant.

1996 - Successfully completed ZK4001, 370 m
southeast of ZK4002; drilled to 1450 m; average
temperature is 248°C in the feeding zones (Ping, et d.,
1997). The shdlow, 170°C feed zoneisin fractured
granites between 240-450 m depth. Below this zone,
the well penetrates atered granite at 450-790 m, and
dense granite at 690-950 m. The deepest part of the
well isfractured granite at 950-1366 m, and granitic
mylonite at 1336-1450 m (Ping and Ji, 1999).
Wellhead conditions were 200°C and 1.5 MPawhen
flowing a arate of 84 kg/s (eam and liquid). NaCl is
the main component of the deep fluid. The estimated
reservoir temperature is 248.9°C (based on Fournier’'s
1977 quartz geothermometer), and 275°C (based on
Arnorsson et d.’s 1983 NalK geothermometer) (Ping
and Li, 1999).

Logging and hydraulic tests verify thet there are high
temperature fluids in the northern part of the fied
which could be used to produce more dectricity.
Exploitation of the deep resources would accelerate
the shalow resources depletion. In order to extend the
life of thefidld, it is necessary to set up aninjection
project as soon as possible (Ping, et al., 1997).

Reinjection could be carried out in one of two ways.
Thefirg isto put the reinjection wellsin the northern

part of the fidd to mix with the recharge water in the
vertical convection before the water enters the

reservoir at 140°C. The second isto put the reinjection
wellsin the southern part of thefidd closeto the

power plant and to use the 80°C cold waste water from
the plant (Hu, 1995).

1998 - Drilling of four injection wells began; disposa
of the cool discharge waters into the loca surface
drainage is now regarded as an acceptable form of
pollution (Alliset d., 1996).

1999 - Japan International Cooperation Agency (JCA)
decided to contribute 591 million yen (about US$4.5
million) to the development of Y angbgian, including

the further assessment of the deep reservoir and
ZK4001.

Loca government proposed a new geothermal
exploration program for northern Y angbgjian, hoping
to recelve financia support from the centra
government in Beijing (Ping and J, 1999).

2000 to 2002 - JCA three-year project will fund two
directiond drill holes, a high-frequency
megnetoteluric survey, the inddlation of six
microsaismic monitoring stations, a CO2 soil gas
survey, fluid geochemidry studies, and a new
assessment of the Y angbgjian resource (Ping and J,
1999).
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Y angbgjian generates 41% of the power needed by
Lhasa City in summer and more than 60% of the city’s
winter needs, when hydropower isineffective.

NOTES

Y angbgjian is home to the largest geotherma power
plant in China. Y angbgian geothermd field coversa
total area of about 15 kn dthough the ble part
of the upper reservoir from which hot fluids can be
produced covers only about 4 km?. Thefiddisa
liquid-dominated reservoir with a two-phase zone on
the top (Hu, 1995).

More than 80 wells have been drilled a Y angbgjian,
most of them shallow. Asof 1999, lessthan 15 are
productive; the rest are either damaged or are
exploration wells.

Cddte scding inthefidd isvery serious. The
production wells require daily reaming by use of
hammer-griking (Ping, et d., 1997). During the last
years, pressure in the production wells has dropped
sharply; thereisinsufficient seam available to run the
turbines at full load. Injection of waste geotherma
fluids will begin soon in order to extend the
commercid life of the shalow reservoir.

The waste waters from Y angbgjian are used to heat
50,000 n? of greenhouses (Alliset d., 1996).

Y angbgjian geothermd field is one of ten
hydrotherma anomadies aong the Nyaingen-Tanglha
Fault (Xu and Wu, 1990).

Yangyi

LOCATION
Xizang (Tibet) Province, 60 km from Lhasa City; 45
km southwest of Y angbgjian; 4550 med

STATUS
Well() or hole(s) drilled

TEMPERATURE (°C) 150-207
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 30
CHRONOLOGY

1973 t0 1976 - General geotherma investigation
carried out in Tibet.

1980 to 1982 - Chinese and French earth scientists
carried out geologica, geophysicd, and geochemical
gudiesin Tibet (Grimaud et d., 1985).

Early 1990s - Temperature, pressure, and flow rate
gtable during dmaost 900 hours of testing; 85 wells
drilled; 15 wells ranging up to 1100 m depth have
located a 200-207°C zone about 1.5 kn? in area.
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In well 208, atemperature of 207.16°C was measured
at adepth of 312 m. The content of CO, isrdaivey
low; CaCO; scding in the wdl might be dight (Ren et
al., 1995).

1996 - A 10 MWe development proposal was
submitted to the Minidiry of Electric Power (Alliset
al., 1996).

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

0.1
0.1

CHRONOLOGY

1971 - Two 50 kWe binary plants went online.

NOTES

NOTES

The Yangyi geothermd fidd isin the same basin as
Yangbgjian (Ping, et a., 1997). It hasan areaof 11
km?.

The power potentia of the shalow reservoir is
estimated to be 30 MWe, but comparisons with the
production experience a Y angbgjian, where the
reservoir volume is perhaps 3 times greater, suggests
that this estimate is optimigtic (Alliset d., 1996).

Yili

LOCATION
Xinjiang Province

STATUS
Preiminary identification/report

TEMPERATURE (°C)

160-180

Yichun

INSTALLED CAPACITY (MWe)
POTENTIAL (MWe)

0
N/A

CHRONOLOGY

LOCATION
Jangxi Province

NOTES

STATUS
Power plant(s) on site

Yongxin

TEMPERATURE (°C)

LOCATION
Y unnan Province, West Y unnan
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STATUS
Preliminary identification/report

TEMPERATURE (°C) 97-158

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

NOTES

Estimated minimum subsurface temperatures of the
reservoir at 135°C to about 170°C. A conservative
estimate shows that the potentia reservoir could be 4
km long, 1 km wide (Liao and Zhang, 1983).

CHRONOLOGY

NOTES
Surface temperature is 97°C, subsurface temperature is
158°C (Liao et al., 1986).

Yunnancheng

LOCATION
Y unnan Province, West Y unnan

Yulingong

STATUS
Preliminary identification/report

TEMPERATURE (°C) 99-166

LOCATION
Xizang (Tibet) Province, in Kangding County; 10 km
south of Kangding City; dong the Kangding Fault

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Surface temperature is 99°C, subsurface temperature is
166°C (Liao et al., 1986).

STATUS

Preliminary identification/report

TEMPERATURE (°C) 135-170
INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A
CHRONOLOGY

1982 - Survey of hot springs conducted.

Zhaizhipo

LOCATION
Y unnan Province, West Y unnan
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STATUS
Preliminary identification/report

Estimated 17 MW1 possible (Yang et al., 1985).

TEMPERATURE (°C) 50-165

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Surface temperature is 50.3°C, subsurface temperature
iIS165°C (Liao et al., 1986).

Zhaoyuan

LOCATION
Shandong Province

STATUS
Power plant(s) on site

TEMPERATURE (°C) 90-120

INSTALLED CAPACITY (MWe) 0.2
POTENTIAL (MWe) 0.2

CHRONOLOGY

NOTES
Power plant no longer operating.
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Taiwan

Power Profile

Source: the U.S. International Energy Agency

Population (millions) - July 1999 estimated 22.11
Overall Electrification (% of population) 100%
GDP (billion US$) - 1998 estimated $362.00
Real GDP Growth Rate - 1998 estimated 4.8%
Inflation Rate (CPI) - 1998 2.1%
Tota Installed Capacity (MWe) - 1998 26
Electricity Consumption per Capita (kwh) - 1997 5,606.47
Energy Demand Growth Rate 10%
Prices (US¢/kWh)

Residentid - 1998 8.9

Industrial - 1997 6.9

Tawan's relationship with the Chinese mainland remains
problematic; both the PRC and Taiwan assert that there is
only “one China” Tawan authorities seek recognition

as one of what they claim are two “sovereign” political
entities, each governing part of China, while the PRC
regardsitsdf asthe sole legd government of al of China
and Taiwan its 23 province, Taipei.

Although the United States does not have diplomatic
relations with Taiwan, the U.S--Tawan rdaionship is
generdly excdlent. The American Inditute in Taiwan, a
private, non-profit ingtitution, was established in 1979 to
maintain the unofficid relations between the peoples of
the United States and Taiwan. More than 40 other
countries, including most magjor European and Asan
nations, dso maintain unofficia representation.

Power Summary

Tawan has an ingtaled capacity of gpproximately 26
MWe. Imported ail isthe dominant fud in Taiwan's
energy mix, accounting for more than hdf of tota
primary energy consumption. Coa aso plays an
important role (over 30% of tota energy consumption),
followed by nuclear power (over 10%), natura gas (over
5%), and hydroel ectric power (around 3%).
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At the end of 1998, Taiwan Power Company (Tai power),
the state electric power utility, operated 69 power plants
(39 hydropower, 27 thermal, 3 nuclear) with atota
capacity of 26,680 MWe. In addition, co-generators had
2,500 MWe of capacity which generated around 10% of
the country’ stota eectric power. (Since 1988, Taiwan
has had a policy of encouraging large indudtrid facilities

to build co-generation capacity.)

Tawan's energy demand is growing fast and expected to
double by 2010, increasing from the 137.8 hillion kWh
used in 1997 to 232.5 hillion kwh by 2010. To avoid a
repest of the power shortages of the summer of 1999,
under an ambitious congtruction schedule, Taipower’s
ingtaled capacity (including 1PPs) should reach 44.223
GWe by the end of 2007.

Tawan's energy supply depends heavily on imported
fuel, which reached 96% of total energy needsin 1998.
To decrease its energy imports and accommodate the
Kyoto Protocol on global CO, emissons, Tawan's
renewable energy development program is atop priority
within Taiwan's energy policy. Itsgod isto increase
use of renewable energy to between 1% to 3% of itstota
energy supply by 2020.

Government / Legidation

Taiwan Power Company (Taipower)

Currently, state-run Taipower monopolizesthe
generdtion, tranamission, and digtribution of dectricity.
Tawan has been reducing the public sector’srole in the
economy in an effort to reduce the centra authorities
budget deficit. Tapower's monopoly status has been
waning since a 1994 measure dlowed |PPs to provide up
to 20% of Tawan's eectricity.

The planned privatization islargely the result of rapidly
risng power demand in Tawan, and Tapower’ s inagbility
to build sufficient capacity to keep pace with demand,
which led to a power criss during the summer
peak-demand months of 1999. The expected date for
Tapower’ s privatization is July 2001. Taipower will
retain exclusive control over nuclear and hydropower
plants. The government will continue to own these plants
after Taipower is privatized.

Tawan authorities fear the idand will be crippled by
power shortages if Taipower continues to be the sole
power provider. Taipower’s power generation reserve
margin is aslow as 5.6%.

Eight 1PPs have been authorized to build power plants
and the first one went into operation in May 1999.
Another three will start supplying power in 2000 and
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2001. As aresult, the reserve capacity of the power grid
is expected to increase from 5.6% in 1996 to 9% in early
1999 and 15-20% in 2000.

|PPs are required to Sign power purchase agreements
with Taipower, which will digtribute the power to market.
However, new regulationsissued by the government in
July 1998 will dlow foreign investorsto play a greeter
rolein Taiwan's dectric trangmission and distribution
sector. The new rulesraised the level permitted of
foreign investment in these sectors to 50%, from 30%
previoudy.

A private firm can apply to build and operate a power
plant if the following six conditions are met:

1 Its environmenta impact assessment (EIA)
is approved by the Taiwan authorities,

2. The local government consents to the

congtruction of the power plant,

The power plant has a secure source of fud,

4, Tapower agrees to transmit ectricity
generated by the plant to its power
transformation stations,

5. The landowner consents to the use of the
land and the government gpprovesthe re-
zoning of the land, and

6. Banks offer adequate project financing.

w

In addition, Taiwan authorities continue to reduce tariffs
and non-tariff barriers as part of Taiwan's anticipated
accesson to the World Trade Organization. Restrictions
on financid indtitutions are gradudly being lifted;

severd public firms have been privatized; and private
sector competition is being introduced in
telecommunications, power generation, and ail refining
and digtribution.

Minigry of Economic Affairs (MOEA)

In the wake of Tawan's devastating earthquake on
September 21, 1999, Taiwan's Ministry of Economic
Affairs (MOEA) announced plansto further ease the
rules under which private companies may set up power
plants at Tawan'sindudtrid parks. The new rules will
help ensure that industria parks do not experience
further disruption of dectricity supplied by Taipower.

MOEA has proposed to Taiwan's Cabinet, the Executive
Yuan (EY), afurther liberdization of the dectricity
industry. The MOEA ds0 plansto set a celling price for
the dectricity generated by genera operators.

Under current regulations, the MOEA permits only
companies located in an indudtrid park to build co-
generation plantsin that park. Under the new Power
Utility Law, however, companies at the parks may
partner with companies outsde the park to invest in
power generation facilities. Those power plants may
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aso sl surplus eectricity to Taipower and other
cusomers. At the same time, however, the MOEA will
a0 diminate certain investment tax credit incentives
and preferentia loans for investments in co-generation
plants.

Energy Commission (EC)

In late November, 1999, officids from Tawan's Energy
Commission (EC) announced that it has agreed with the
EY onaplan for liberdization of Tawan's energy

market. Passage is expected by Tawan's Legidaturein
mid-2000 (Heimer, 1999). The maor features of the plan
are:

1 Tapower will remain an integrated utility,
but other companies may aso provide
integrated services and compete with
Tapower throughout the generation,
transmission and distribution sectors.

2. The authoritieswill not set up a pool
system. However, |PPs and co-generation
plants may themsdves contract to buy and
sl dectricity among themselves.

3. New IPPswill not be required to enter into
aPower Purchase Agreement (PPA) with
Tapower. Although new IPPswill ill be
required to first obtain alicense from the

EC, the EC does not expect license
qudifications for new IPPsto differ much,
if & dl, from the qudifications currently
required for 1PPs.

Tapower and an exigting | PP may
terminate the PPA between them upon
mutua agreement.

New capacity at existing IPPswill not be
subject to aPPA. (Hereinafter “New IPPs’
refersto (a) the new IPPsreferred to in
point (3), (b) the IPPs which have
terminated their PPA with Taipower
referred to in point (4) and (c) the new
capacity referred to in this point (5).)

|PPs (current and New) will be able to
compete with Taipower for certain
“contestable customers’ by entering into
bilateral agreements with the contestable
customers. IPPs will not be able to compete
for “captive cusomers” Generdly
speaking, contestable customers will be
industrid users, and captive customers
resdentia users.

New |PPs may directly supply end users
through the congtruction of transmisson
lines
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Sdes of dectricity between an IPP and a

contestable customer which do not take 10. |PPs and Taipower will be required to
place over private digtribution lines, as well provide backup power to each other.

as sales of dectricity between an IPP and

Taipower, will be through an independent 11.  Co-generation plants licensed for

system operator (1ISO). The SO will bea “sdf-use” often Stuated in industrid
non-profit entity organized by the Taiwan parks, will be ableto sdll up to 20% of their
authorities. It will charge the IPP anomind capacity to contestable customers.

feeto cover its costs and pass dong afee Co-generation plants may aso be licensed,
charged by the transmission sector and treated, as regular IPPs, but the
(currently envisioned to include only “sdf-use” licenseiseaser to obtain.
Tapower and other integrated utilities but

theoreticdly including transmisson 12.  All limitations on foreign investment in the
pecidist companies) for tranamisson and energy sector will be removed.

digtribution services. Itisnot clear whether

the liberdization plan would eventudly 13.  Thenew plansdo not require or anticipate

permit transmission over lines built

pursuant to contracts between an IPP and
anend user. The EC damsthe 1SO system
they contemplate is similar to the system in
placein Cdifornia

Electricity generators will be required to (a)
generate a certain percentage of their
eectricity usng hydro, nuclear, LNG or
renewable resources or (b) otherwise

Tapower privatizetion. However, the
MOEA has recently announced that,
post-privatization, Taipower will be
required to maintain separate financia
statements across its mgjor businesses to
prevent cross-subsidization from its
business lines where it maintains an
effective monopoly to those linesin which
it competes.

support clean or renewable generation by
making additiona purchases from
generators using those resources or paying
into a government fund.

The new plan gppearsto go far to liberdize the Taiwan
energy sector and the potentia opportunities for US
business interest gppear great. However, critica details
gtill need to be clarified ((Heimer, 1999).
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Renewable Energy Palicy

Tawan's renewable energy program isin its early
development. Immediately after Tawan's Nationa
Energy Convention in May 1998, the EC established a
New and Clean Energy Research and Devel opment
Group. The group has started reviewing the policies
towards, and R&D of, renewable energy in Tawan,
particularly focusing on solar energy, photovoltaic
energy, wind energy, biomass energy, geothermal
energy, hydraulic energy, and ocean thermd energy.

The Taiwan authorities have a strong desire to achieve
the Kyoto Protocol emission standards and are
promoting renewable energy. U.S. suppliers should
market their products in Taiwan by contacting the EC,
the Energy & Resources Laboratories of the Indugtrial
Technology Research Indtitute, Taiwan Power Company,
Tawan's Environmenta Protection Adminigration, and
loca engineering firms (Chen and Heimer, 1999).

Geothermd Law

Tawan has no geothermd law.
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Geothermal Sites/ Projects

Theidand of Tawan is Stuated in an Cenozoic
tectonicaly active belt of the Pacific Idand Arc system
in which recent volcanism and saiamic activities are il
common, as evidenced by the September 21, 1999
earthquake.

Taiwan began exploring its geotherma resources for
power generation potentid in the 1960s. There are
currently 103 therma springs identified on the idand, 69
of which have recorded temperatures and flow rates; 18
Springs have surface temperatures exceeding 80°C
(Zhijie, 1997).

Due to the unresolved corroson problemsin the
Pestocene Tatun volcanic region in the north of the
country, exploration shifted to the Sate Terrain which is
underlain chiefly by the Miocene Lushan Formation of
Ho (Chang and Lee, 1980; Cherng, 1979).

The highest subsurface temperature found in the Sate
Terrain region is 223°C a a depth of 2,003 metersin the
Qingshui area. The lowest downhole temperature is
below 173°C at a shallow depth (100-500 m) in the
Tuchang and Lushan areas. From the chemica
geothermometers and mixing models, the deep reservoir
temperature is estimated to be in the 195-220°C range,
gmilar to the subsurface temperature a Qingshui
(Cherng, 1979).

With the exclusion of the Pleistocene Tatun volcanic
group on the northernmogt tip of the country, Taiwan
has an estimated geothermal power potentia of 100-500
MWe (Lee, et d., 1981). Taiwan currently hasa
geothermd ingtalled capecity of 4.5 MWe a Qingshui
and 300 kWe at Tuchang.

Informeation on the following Stesfollows.

Chihpen

Chiniun

Lushan

Fingdong

Qingshui (Chingshui)
Sanghing

Tatun (Datong)
Tuchang

N O~ WDNPE

Chihpen

LOCATION
In southeastern Taiwan

STATUS
Well(s) or hole(s) drilled

TEMPERATURE (°C) —

INSTALLED CAPACITY (MWe) 0

POTENTIAL (MWe) N/A
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CHRONOLOGY

NOTES

Shdlow drillings (< 500 m) done by the Mining
Research and Service Organization (MRSO). Deeper
drillings done by the Chinese Petroleum Corporation
(CPC).

Water chemigtry characterized by high content of
sodium bicarbonate (> 2000 ppm), saturated silica, and
low concentration of chloride and sulfate (< 50 ppm).
At depth, dissolved carbon dioxide isrdatively
increasng in the thermd fluid (Chang and Cheng,
1981).

Research and Service Organization (MRSO). Deeper
drillings done by the Chinese Petroleum Corporation
(CPC).

Lushan

LOCATION
In centrd Taiwan south of the Tuchang fidd

STATUS
Direct use -- devel oped

TEMPERATURE (°C) 59-173

Chiniun

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 30

LOCATION

CHRONOLOGY

STATUS
WHdI(s) or hole(s) drilled

TEMPERATURE (°C) —

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
Shdlow drillings (< 500 m) done by the Mining

NOTES
The Lushan geothermd resource is currently used for
industrial processes.

The mixing modds of the hot springsyied an
estimated temperature of 195-220°C for the deep
aquifer temperature of thefidd (Cherng, 1979). The
potentid of the fidd is estimated to be nearly 30 MWe
(Chang and Lee, 1980).

Many high temperature hot springs are found in this
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field; the average spring temperature is 65°C (59-96°C)
(Cherng, 1979). The highest hot spring surface
temperature recorded is 98°C (Chang and Lee, 1980).

Shdlow drillings (< 500 m) done by the Mining
Research and Service Organization (MRSO). Deeper
drillings done by the Chinese Petroleum Corporation
(CPC).

Exploration well NL-2 drilled to 500 m; encountered
maximum down hole temperature of 173°C at 450 m
and maximum gtatic pressure of 50 kg/cm?.

Water chemistry characterized by high content of
sodium bicarbonate (> 2000 ppm), saturated silica, and
low concentration of chloride and sulfate (< 50 ppm).
At depth, dissolved carbon dioxide isreatively
increasing in the thermd fluid (Chang and Cheng,
1981).

High gas content in sleam may limit the exploitation of
geothermal resourcesiif the conventiond power
generation method isused. Scaing in the well head
equipment and pipeline is aso an engineering problem
related to the high gas content in steam (Chang and
Cheng, 1981).

Hot water in this metamorphic terrain has higher pH
values of 7 to 9.8 due mainly to the high concentration
of NaHCO; (Cherng, 1979).

The Lushan Formation is composed mainly of argillite
and date of Early Miocene or lower-Middle Miocene
age exposed in the main part of the Central Range
(Cherng, 1979).

Pingdong

LOCATION
In Gaoxing County

STATUS
Preliminary identification/report

TEMPERATURE (°C) 140

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY

NOTES
The Pingdong hot spring has a temperature of 140°C
(Huang, 1980).

Qingshui (Chingshui)

LOCATION
On the western flank of the Central Rangein
northeastern Taiwan; on the northern part of the
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Lushan Formation and east of the Lan Yang Chi
stream; about 20 km southwest of [lan

STATUS

Power plant(s) on site

TEMPERATURE (°C) 60-300
INSTALLED CAPACITY (MWe) 4.5
POTENTIAL (MWe) N/A
CHRONOLOGY

1973 - Geothermal exploration began by the Mining
Research and Service Organization (MRSO), Industria
Technology Research Inditute; began drilling 15
shallows test wells with depths of 161-501 m;
penetrated aguifers with temperatures up to 175°C
(Chiang, et d., 1979).

1976 - Chinese Petroleum Corporation continued
exploration; drilled more than 8 deep wells ranging
from 1505 m to 3000 m (due to very rugged terrain, all
the deegp wellswere drilled dong the Qingshui River,
the main geotherma manifestation areg); encountered
temperatures of 148.7-225°C, flow rate of 370 tong/hr,
and aflowing pressure of 8 kg/crm? (Chiang, et dl.,
1979).

October 1977 - Non-condensing 1.5 MWe plant
ingaled under the auspices of the Nationa Science
Council for experimentation and demonstration

(Cherng, 1979).

1978 - Roving bipole-dipole mapping method used to
explore the area; reveded two obvious anomdiesin
resistivity and anisotrophy pattern — one located near
the surface geotherma manifestation; the other to the
northwest dong the Lan Yang Chi stream (Lee, et d.,
1980).

1979 - Large-scale and detailed well testing program
began which included well production rates and well
stream entha py measurements, pressure trandent tests
for drawdowns and buildups, temperature and
pressure-depth survey, noncondensable gas content
andysis, and interference testing (Chiang, et d.,

1979).

March 1981 - Single-flash 3.0 MWe plant went online.

NOTES

There are afew hot springsin the area, but alarge
boiling spring (99°C) isfound in the middle of Lan
Yang Chi stream.

Shdlow drillings (< 500 m) done by the Mining
Research and Service Organization (MRSO). Deeper
drillings done by the Chinese Petroleum Corporation
(CPC).
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7 productive boreholes have been made, the deepest
about 3000 m; recorded down hole temperatures as
high as 300°C.

Water has a high concentration of Na, HCOs, and B as
well as high HCOs/Cl and B/Cl ratios which indicates a
metamorphic origin (Cherng, 1979).

Tatun (Datong)

LOCATION
At the northernmogt tip of Taiwan

STATUS
Weél(s) or hole(s) drilled

Sanshing

TEMPERATURE (°C) 120-293

LOCATION

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) 100-500

STATUS
Widl(s) or holg(s) drilled

CHRONOLOGY

TEMPERATURE (°C) —

INSTALLED CAPACITY (MWe) 0
POTENTIAL (MWe) N/A

CHRONOLOGY
1979 - New well drilled & Hanshi to test the possibility
of hot water at depth.

NOTES
There are no surface manifestations at Sanshing.

NOTES

Feld liesin avolcanic region; exploration of a 1500
m-deep reservoir found temperatures of up to 293°C;
estimated generation capacity is 100-500 MWe
(Cherng, 1979).

More extensive development of this area has been
suspended due to the corrosive effect of the acid
sulfate-chloride hot water (Cherng, 1979). The steam
aoneis much less corrogve (Huang, 1978).

Tuchang

LOCATION
In northeastern Taiwan about 30 km southwest of the
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Qingshui field

STATUS
Power plant(s) on Site

TEMPERATURE (°C) 40-173

INSTALLED CAPACITY (MWe) 0.30
POTENTIAL (MWe) N/A

Field liesin adate formation; reservoir temperature at
445 mis 173°C.

U.S. Geological Survey reported atentative estimated
reservoir temperature of 190.6°C. Na-K-Ca
geothermometer (Fournier and Truesddl, 1973) shows
alow temperature ranging from 150°C to 170°C
(Cherng, 1979).

CHRONOLOGY
1985 - Experimentd binary 300 kW plant went online.

NOTES

Shdlow drillings (< 500 m) done by the Mining
Research and Service Organization (MRSO). Deeper
drillings done by the Chinese Petroleum Corporation
(CPC).

Many hot springs are scattered along the stream
valeys, range of spring temperature is 40-98°C
(Cherng, 1979).

Water chemigtry characterized by high content of
sodium bicarbonate (> 2000 ppm), saturated silica, and
low concentration of chloride and sulfate (< 50 ppm).
At depth, dissolved carbon dioxide isratively
increasng in the thermd fluid (Chang and Cheng,
1981).
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Conclusion

China

Chind s estimated power generation potentia using
geothermal resourcesis vast and untspped. While
estimates ran the gamut from 200 MWe to over 10,000
MWe, the total estimated potentia of the 254 Sites
included in the Database is a conservative 1588MWe.
The actud potentid is much greater because many of the
3,000+ hot springs scattered across the country have not
yet been adequately evaluated.

In view of the remote locations of many hot springsin
China, the lack of grid penetration, and the shortages of
electricity nearby, specid effort is needed to
demondrete the viahility of very smdl plantswith
capacities of not more than 1-2 MWe (Alliset d., 1996).
Thisis particularly true in the sparsdy populated rura
aress of western China where renewable and geothermal
energy are important components of the GOC' s “ Strategy
Pan for Developing the West Areaof Chind’ to bring
electricity and economic development to the region.

The GOC' s god isto have 30 MWe of installed power
generation capacity from geothermal resources by 2000,
40-50 MWe by 2005, and 75-100 MWe by 2010 (Zhal,
2000).

If Chinaisto achieve geotherma development
gpproaching this magnitude within the next 10-20 years,
there needs to be a reassessment of al mgor hot spring
occurrences, incorporating both economic criteria as
well asredidtic estimates of resource potential. Much of
the resource data has already been collated by the
provincid and state Geological and Minera
organizations, S0 alarge part of this sudy would be
office based, using in-house expeartise. “Resarvoir”
temperature estimates need to be based on the TKMg
geothermometer rather than the TNaK geothermometer
(Giggenbach, 1988), and caution is needed when using
the area of therma manifestations as an indicator of
reservoir area. The mass flow of hot water and gpparent
reservoir temperature will yied a heat output which is
probably the best indicator of reservoir sze (Alliset d.,
1996).

Taiwan

Tawan has an estimated geothermal power potentia of
100-500 MWe (Lee, et d., 1981). With the privatization
of Taipower and the power sector, the persistent power
shortages, and the central government’s new renewable
energy development policy, now may be agood time for
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the further development of geotherma power generation
in Tawan.
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